



International Library of Psychology 
Philosophy and Scientific Method 


How Animals Find 
Their Way About 



International Library of Psychology 
Philosophy and Scientific Method 

GENERAL EDITOR C K OGDEN, M A (Matialtne CoUtgt, Cambrtdtt 




How Animals Find 
Their Way About 

A Study of Distant Orientation 
and Place-Recognition 


By 

ETIENNE RABAUD 

Professor of Experimental Biology 
in the University of Pans 


Translated by 
I H MYERS. M A 


LONDON 

KEGAN PAUL, TRENCH, TRUBNER & Co. Ltd. 

NEW YORK HARCOURT, BRACE AND COMPANY 
1928 





CONTENTS 


Foreword . i 

CHAPTER 

I The Problem and the Method 

Internal sense or sensory cues ? Necessity lor 
an objective study Language and states of 
Consciousness 


II Orientation among Flying Insects , 

The " bee-line" and the content of the problem 
the general direction, the nest-site and the nest 
A Progression in general direction The 
hypothesis of an internal sense Fabre, Bethe, 
Lubbock Sensory cues , the backward flight 
Expenments on bees and a asps Nature of 
sensory cues The Osmta and the hypothesis of 
a muscular memory 

B Recognition of the nest-site The nest is 
not a landmark The cases of Bembex, Evmenes, 
Ammophxla and the tree-wasp Topographical 
relations and successive levels 

C The recognition of the nest The nest is 
not confused with the site RfiU of olfactory cues 
Backward flight and mezact registration of cues 


III Orientation in Walking Insects 

I The ants 

A CollectivB journeys Rtle of smell Con- 
stitution of a trail Interruption of a trail 
Intervention of sight 

B Isolated ants — (a) Recogmtion of the nest- 
site " Toumoiement de Turner " and olfactory 
cues (i) Progression m general direction The 



CONTENTS 


of the general direction and the experiment of 
Comets Parallel return and lonaestheais ; 
experiment of Piiron RSle of light cues , ex- 
pemnents of Lubbock, of Santschi, of Brun and 
of others ; large objects, hedgerows, walls, trees, 
etc Mode of usmg difierent landmarlcs ; their 
complex hnkage , predominance of one type or 
anomer acconhng to species and circumstances 


IV Orientation in other Invertebrates 95 

1 The termites. The olfactory path. 

2 The molluscs The hmpets and tactile cues. 

3 Vanous other molluscs 

V Orientation in the Vertebrates . 103 

Difficulties of experiment, and poverty of data 
Migration and Orientation 

1 The earner pigeon 

A The hypotheses Magnetic sense, retrace- 
ment, special sense 

B The sensory cues The quahties required 
m a earner pigeon Liberation m unlmown 
temtory Nocturnal flights 

2 Vanous Vertebrates. Records badly con- 
trolled. Defimte examples 


VI General Summary . . . 123 

Distant onentation and sensory memory 
General properties of the nervous system in 
different animals Registration of vanous images 
The elaboration of the complex All the senses 
intervene, but there does not seem to be a special 
sense 


References .... 131 


Index 


137 



LIST OF ILLUSTRATIONS 


PAGE 

Figure i Nest of Vespa sylvestns suspended under a 
beU-]ar with a tubulure . . i8 

Figukb 2 Directions of liberation of V sylvestns. A , at 
a distance of 50 metres from the wmdow before which the nest 
is placed , B, a.t a. distance of 200 metres from the other side 
of the house . ... 19 

Figure 3 Successive paths of Osmui rujohtrta A, B, C, D, 
successive positions of the nest . M, plant on which the Osmta 
forages (after Ferton) . . . . 2o 

Figure 4 Course of Osntta rufokstta between some CtsUts 
(after Ferton) . 23 

Figure 5 Observations on Bembex rostrata (after Bouvier) 28 

Figure 6 ’Experiment vnth Ammopkila heydem 29 

Figure 7 Expenments with Vespa sylvestns The 
tubulure of the bell-jar containing the nest is lengthened 5 
centimetres 31 

Figure 8 Reconstruction of an olfactory trail of Taptnoma 
erraticum (after Cometz) 48 

Figure g Reconstruction of an olfactory trad of Messor 
barbarus (after Cometz) . 50 

Figure 10 Formation of an olfactory trail (Santschi's 
expenment) . . 51 

Figure ii The concentric rmgs and movable disc of 
Lubbock . • • 54 

Figure 12 Influence of light on ants following an olfactory 
trail (Santschi’s expenment) . . . 56 

Figure 13 Influence of light on ants (Brun's expenment) 57 
Figure 14 Outward path in single direction {NG) and 
return path (GA) of an isolated ant E„ E,, E,, etc , explorations 
(after Cometz) 61 

Figure 15 Outward path in two principal directions 
(hne doubled % dotted hne), and return path of an isolated ant 
(after Cometz) ... . 62 



LIST OF ILLUSTRATIONS 


PACB 


viii 


Ficuu 1 6 Outward path m three pnncipal directions (hue 
doubled by dotted hne) and return path of an isolated ant. 
N, nest, R, commencement of return The dotted hne, NR, 
mdicates the straight line leadmg to the nest, which the ant does 


not take . . . . 64 

FjGuns 17 Ants' nest with two openings, N, X, piece 
of bone placed under a cover The ants which emerge from 
go under the cover at the pomt A, and those which emerge from 
AT, enter at the pomt B . . 65 

Ftcunx 18 Aj, Bi, points at which the ants stream out 
from the cover (after Comet*) ... 66 

Figukb 19 The ants outside the cover follow two directions 
parallel to .4 A?! and BiV, of Figure 17 (after Cometz) . . 67 

Figure 20 Scheme of Pi4ron's expenment the ant, 
captured on a sheet of paper, is transported some distance [follow- 
ing the direction of the arrows) ... 74 

Figure 21 Lubbock’s arrangement for the analysis of the 
cues gmding ants 76 

Figure 22 i, d, e, direction followed by the ants when 
the tunnel and blocks are moved , . 77 

Figure 23 ba, the hue followed by the ants when the 
tunnel is removed, the blocks remaining in place 78 

Figure 24 ba, the Ime followed by the ants when the 
tunnel is removed, and the blocks displaced . . 78 

Figure 25 Influence of solar light on the direction taken 
by ants • MS', MS", MS'", MS"", action of the mirror; TT 
final turning N, nest The action of the mirror is weakened as 
the nest is approached (after Santschi) 81 

Figure a6 Action of solar light on the direction of ants, 
and interfenng influences (after Santschi) MS', MS", action 
of mirror , N, nest , TT, final tunung (The efiect of the inter- 
fenng influences is indicated on the middle path as NS' ) . 83 

Figure 27 Utilization of sensory cues AT, nest ; P,, 

■Pi. -Pi. points where the ant was captured , D, I-i, I,, /„ pomts 
where set at hberty , C„ C,, C,, C,, pomts where the dneebon of 
the nest was taken (after Cometzl . ... 87 

Figure 28. Transfer of an ant from the left to the right 

column 90 

Figure 29 Return of an ant after displacement on a forced 
journey . . ... 91 

Figure 30 Return of an ant after displacement on a 
forced journey , at .4, a tree; Al, nest ... 92 



FOREWORD 


A LTHOUGH, from the most remote times, the 
^ facts of distant onentation and the recognition 
of places have struck all observers, the solution 
of the problem set by these facts has occupied 
naturalists for scarcely half a century, and it is barely 
in the course of the last twenty-five years that 
systematic experimentation has arisen 
The investigations undertaken have had as their 
subject above all the Invertebrates, more especially 
the insects On the Vertebrates we possess chance 
observations rather than ngorous and well-regulated 
experiments It cannot then be said that the problem 
is completely solved. The data acquired nevertheless 
furnish important indications which permit the sketch- 
ing of the outhnes of the phenomenon, while bringing 
out also the gaps m our knowledge. Furthermore, 
the methods used to obtam positive data mdicate 
the lines to foUow in order to arrive at more numerous 
and more complete results 
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CHAPTER I 

THE PROBLEM AND THE METHOD 

T ET US first of all state the problem 

A bee comes out of the hive , it flies away, and 
then at some distance, often at a great distance, 
alights on a cluster of flowers and forages It goes 
from one flower to another, and works about in divers 
directions, descnbing many turns and meanderings, 
without any fixed order ; at the end of a certain tune, 
it flies off, and almost immediately takes the direction 
of the hive, which it regains by the shortest route. 

An ant proceeds in an analogous way It leaves 
its nest, alone, as if it were walkmg at random ; it 
follows a winding course until it encounters some 
booty or other. It then halts and returns, without 
marked hesitation, in the direction of the nest 
The birds also do the same. They come and go 
away from the nest, fly about a little in all directions, 
but return constantly to their point of departure 
by the most direct way. Better still, the earner 
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pigeon, shut up m a cage, and transported to a point 
very far from the cote without perceivmg anything 
of the route, is said to be capable of regaining the 
point of departure. 

Numerous animals would appear to perform similar 
feats. 

How do they discover or re-discover their way? 
What mechamsms enter into play ? 

Two hj^theses have been proposed. 

The one resolves the problem in the simplest way. 
It supposes the animal endowed with an internal 
supra-sensory faculty which would render it capable 
of a veritable divination. 

The other calls m the senses of the animal. Either 
the latter makes use of one or several of the organs 
of the common senses, its sensory memory — ^visual, 
olfactory, tactile, auditory or muscular — entering 
into play ; or it utihzes a special sensibihty per- 
mitting it to perceive elements of the environment 
imperceptible to man, such as electric or magnetic 
waves. The question is how to decide between these 
two hypotheses. 

The h37pothesis of an mner sense, as well as that 
of a speaal sensibihty, escapes aU direct research 
On the other hand, the ordinary senses, well known 
to man, are immediately available. The most simple 
and sure procedure is, then, to organize our research 
on the assumption that these senses play a part. 
When the analysis is terminated with regard to them, 
we shall see whether they furnish the solution of 
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the problem, or whether our investigations must be 
turned in another direction By elimination we shall 
perhaps arrive at a satisfactory conclusion. 

Thus understood, the inquiry re-enters the domain 
of the biologist ; it belongs appropriately and almost 
exclusively there. Indeed, this study should remain 
above aU strictly objective, m the same way as the 
study of form or of function. If, in order to under- 
stand the facts observed, we fall back on our own 
experience, and compare the behaviour of the ani m al 
with that which we should have displayed in similar 
circumstances, we attribute imphcitly to it our own 
sensations and perceptions Our analysis does not 
refer to its subject, and our conclusions therefore lose 
all value. 

To avoid this danger, which renders all effort at 
solution ineffectual, it is important to maintain the 
research rigidly detached from ourselves We know 
the sensory end-organs of animab, as well as the 
various elements of the environment playing the 
role of stimuli. We are equally cognizant, thanks 
to its translation into motor terms, of the stimulation 
resulting from the interaction of these end-organs 
and the components of the environment. 

Can we go further ? Stimulation does not necessarily 
imply presentation; it has often for effect a pure 
reflex only. The movement of the ins under the 
action of light, for instance, is not vision. In addition, 
it is well known that in man every presentation 
corresponds to a sort of apprehension of the stimulus 
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— a sensation — and that the process is terminated 
by a co-ordination and elaboration of the sensations, 
which is perception. Does observation of the animal 
lead us to discover similarly in its case presentation, 
sensation, and perception ? 

The question merits our attention. On the answer 
we give to it will largely depend also the solution of 
the problem we have under exammation. 

Now, if we adopt for an instant the strictly psycho- 
logical point of view, do we not, as soon as we go 
beyond stimulation, leave behind the realm of biology ? 

Is not presentation a fact of consciousness, and 
does not the inquiry then demand more than — or 
other than — stnctly objective observation ? Such a 
question has long since been raised. Pi^on * 
attributes very nghtly to Huxley* the merit of 
having been the first to explain clearly that the 
observation of the movements of animals in no way 
requires a knowledge of states of consciousness. With- 
out denjnng them, we do not take them into account : 
we do not assume their existence. Whatever the 
appearances may be, they do not authorize us to 
formulate an hjqxithesis which would run the risk of 
modifying or of transforming the facts, and of falsifying 
the conclusions 

When it is a question of orientation and of re- 
cognition of places, this biological attitude is imposed 
very specially. Often, indeed, and sometimes very 
markedly, the animals give the impression of effecting 
deliberate displacements, and of pursumg a well- 
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defined aim. We have, nevertheless, no means of 
knowing whether this impression corresponds to any 
reahty. And we shall avoid committing even a slight 
error by not assuming that there intervenes an in- 
tention, or a deliberation — ^a state of consciousness — 
of which we know nothing. In remaining objective, 
the experimental anal3^is will perhaps err on the 
side of deficiency, but it will always be easier to fill 
a gap than to rectify a fact distorted by the addition 
of imaginary data. In any case, the observed facts 
will suffice for the reconstruction of a mechanism. 

In adhering to this rule, some difficulty will im- 
doubtedly be experienced, and all the more because 
the language immediately suggesting itself to us 
supposes precisely states of consciousness . " willing ”, 
“ seeking ”, ” perceiving ”, “ doing this m order to 
arrive at that ", etc., are so many familiar locutions 
which we employ in descnbing our OAvn behaviour, 
and which we do not hesitate to use when we describe 
the behaviour of animals. Doubtless the biologist 
emplo}dng them knows well enough what he means 
But, whatever one might do, the words — ^the above 
especially — convey certain notions ; and it is these 
that the reader or hearer will understand behind these 
words, in spite of all precautions It is so simple to 
substitute the conjunction “ and ” for the prepositional 
phrase " in order to ”, and to describe the movements 
of an animal without saymg that it is " seeking ”, 
" willmg ”, or " perceiving It is sufficient not 
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to insert one’s own experiences into the descriptions ; 
not to add to the observed facts one’s own sensations 
and perceptions It remains true that he who wishes 
to do scientific work should avoid introducmg into 
his research notions of which he cannot have direct 
experience, of which even the existence remains 
actually an unvenfiable hypothesis. 

To proceed thus is not, as some maintain, to diminish 
the value and significance of experimental analysis. 
It IS, on the contrary, to give to it its whole power 
of penetration ; it is to assure exact and complete 
results. It should be by elimmation, and in so far 
as analysis fails, that we should have the provisional 
right to fill a gap in our knowledge by an hypothesis. 
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ORIENTATION AMONG FLYING INSECTS 

TTAVING thus established agreement as to the 
necessity for the objective method in the study 
of orientation, let us approach the study itself. 

It is among the Invertebrates, notably among the 
insects, that the acquired facts are most numerous 
and significant. In many respects these orgamsms 
are more easily handled, and lend themselves with 
relative facihty to vaned experiments It is, however, 
necessary to distinguish among them those which 
move from place to place by means of flymg, and 
those which do so by walking. 

By very reeison of the mode of progression, the 
problem presents itself differently. The animal which 
flies, naturally uses only some of its sense-organs ; 
the animal which walks may, on the contrary, utilize 
them all, or even not use at all those which seem 
mdispensable to flying animals 

Let us examine the latter first. 

With regard to them, a summary analysis is a 
necessary preliminary. 

Current observation reveals that every bee that 

7 B 
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ceases foraging regains the hive at once by following 
a straight line, the " bee-line ” This fact has been 
known for a very long time, and hunters of honey- 
comb make use of it to track down wild hives. They 
capture a first bee, give it a little honey, and then 
set it free. The direction taken by the insect bemg 
exactly noted, the hunters capture, a short distance 
away, a second bee, and proceed with it in the same 
manner. If the two bees belong to the same hive, 
they follow two paths which intersect at a certain 
pomt. This pomt corresponds to the site of the 
hive. 

In the same way, bees captured in the vicinity of 
the hive, then transported and released at a point 
quite distant (2 kilometres, for example), set of! 
immediately, taking the direction of the hive Gaston 
Bonnier » has established the fact beyond doubt. 

These well-known facts furnish all the data of the 
problem. The return to the nest comprises three 
stages, which succeed one another without interruption. 
The departure in correct direction has in fact no 
useful result unless the insect recognizes the site 
of the nest, and then the nest itself. This constitutes 
three operations, which appear a prtort distinct, 
and which must of strict necessity be examined 
separately : (a) departure m correct direction as 

far as the immediate vicinity of the nest ; (i) re- 
cognition of the site , (c) recognition of the nest. 

Do these three operations correspond or not every 
one to a special method of guidance ? The affirmative 
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seems very probable, at least as far as the bees are 
concerned. A summary examination permits us, 
indeed, to think that the first does not necessarily 
imply the two succeeding stages, and that the second 
does not any the more imply the third. The departure 
in correct direction is not to be confounded with 
the recognition of the site of the hive, for it most 
often happens that the bee, at the moment it ceases 
foragmg, is unable to see the hive , it cannot even 
see the site. Sometimes the bee goes foragmg several 
kilometres afield ; in all cases, it goes far enough off 
to be separated from its hive by screens of trees, 
accidents of the land, or buildmgs. 

In addition, proofs abound which obhge us to 
admit that the site of the hive is not for the bee 
confounded with that hive By displacing a hive to 
a distance of i or 2 metres, Turner* threw some 
bees off the track, and these flew about for a long 
time over the former site without re-findmg the hive. 
Bethe * obtamed the same results with even shghter 
displacement (50 cm ). The insects came flymg to 
the spot formerly occupied by the entrance, and 
the number of those findmg the hive diminished 
with the extent of the displacement. As soon as 
the hive was brought nearer, they rushed on to it ; 
they even entered any box put in place of the 
hive. 

But they did not enter it at once ; they manifested 
a certam hesitation. And this hesitation indicates 
clearly that, although the bees returned to the site. 
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they did not accept forthwith the hive which happened 
to be there. 

'fhese facts are not confined to the bee. Many 
other nest-budduig Hymenoptera behave in an 
analogous way. To ate only the most recent mstances, 
Descy*, in Vespa vulgarts and Osmta rufa, and 
Verlaine in V. vulgarts, have observed similar 
manifestations for shght displacements of the nest 
(i cm.). I for my part • have seen Pohstes 
galltcus persist in remaming on the former site 
of a nest, newly placed at a distance of barely 25 
centimetres. The attraction exercised by this former 
site was even such that the wasps sometunes passed 
right by the displaced nest without being arrested 
by it, at least at the outset 

It is, then, not the nest as such which serves as 
a landmark. The animal flies in the direction of 
a site which it does not normally perceive. In con- 
sequence, this movement in a general direction 
constitutes a first stage in the return to the nest ; 
and this stage coincides with the actual problem of 
orientation. 

A. — Movement m a general direction 

Here the question arises — have we to do with 
sensory cues, or does the animal possess an inner 
sense of direction which guides it mdependently of 
all other means ? 

This latter hypothesis has been maintained by 
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Fabre and by Bethe » ; but their experiments 
carry no element of proof 

Fabre used first of all some solitary bees of the 
genus Chaltcodoma. Seven individuals were trans- 
ported 4 kilometres away ; four returned Fabre 
assumes that the three others were crippled specimens, 
damaged by the experimenter, or exhausted by the 
journey 

In a fresh tnal, forty individuals were transported 
4 kilometres away , about twenty set out , two re- 
turned in forty-five minutes, having foraged , thirteen 
others returned after many hours 
The lack of precision in these results surprises at 
once, so much does it contrast with the categorical 
tone of the conclusions Fabre knew nothing of the 
individuals which failed to 'return ; he did not even 
know the exact number of those setting out ; the 
length of time taken by the individuals which did 
return seems to him without importance 

Two further senes of tnals failed to furnish more 
significant results Fabre transported to a distance 
a certam number of Chaltcodoma enclosed in boxes ; 
before releasmg them, he subjected the boxes to 
rapid rotatory movements, with the object of con- 
fusmg the insects The observations effected permit 
of drawing up the following table : 

(a) Senes in country of imiform aspect. 

lo individuals were transported 4 kilometres , 1 returned 
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(b) Senes in broken country 

40 individuals were transported 4 kilometres , 9 returned 

15 ,, „ 9 ,, by a compbcated 

route : 7 returned 

15 „ „ 9 ,, by a direct route , 

6 returned 

The disproportion between the individuals sub- 
jected to the experiments and the number of returns 
strikes one at once ; it should inspire the greatest 
caution with regard to the conclusions Furthermore, 
in no case did Fabre perform the necessary counter- 
experiment, which would consist in takmg the insects, 
and leading them back to the same point of departure, 
in order to ascertain how many of them would re- 
turn, and in what time they would do so Satisfied 
with the results obtained, Fabre admits the exist- 
ence of a “ sense of direction ” 

Such mediocre experiments are not sufficient to 
sustain such an interpretation In addition, analogous 
experiments made by the same author on Cercens 
serve only to emphasize the extreme opposition 
which exists between the results obtamed and the 
conclusions , establishing the return of four Cercens, 
out of twelve transported to a distance of 4 kilo- 
metres, Fabre assumes that the others would return, 
and maintains a prudent reserve as to the reality of 
this return. Then he takes this experiment as a 
basis for rejecting afresh the hypothesis that the 
insect utilizes extenor cues, and insists on the exist- 
ence of a " sense of direction 
Bethe, rel3dng on expenments equally untrust- 
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worthy, though for other reasons, arrives at the 
same conclusion. He released in the town at 
Strasburg, in a street lined with high houses, and 
in the neighbourhood of his garden, two batches of 
bees, one of six individuals, the other of eight. Of 
the first batch ; 

Four bees set out m correct direction ; 

One bee set out in the wrong direction ; 

One bee set out m doubtful direction. 

Of the second batch, all the bees started in correct 
direction, even before reachmg the level of the house- 
tops. 

The fundamental fault in these experiments re- 
sides in the hypothesis, assumed as a fact, that the 
bees utilized did not know the town. Bethe assumes 
this without proof Now, everything leads us to 
think the contrary On one hand, the hive was quite 
adjacent to the place of release ; on the other hand, 
Strasburg contains pubhc and pnvate gardens, 
and possesses shops selling sugar or similar sub- 
stances, which cannot fail to attract bees. How 
could it be afiirmed that the individuals used by 
Bethe had never traversed the streets and gardens, 
or visited the shops? The results obtained are not 
worthy to be taken into consideration. 

An experiment of Sir John Lubbock is the 
only one which could give any support to the idea 
of a “ sense of direction Lubbock placed a glass- 
ful of honey m a room lighted on two sides by 
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windows ; a nest of Vespa sylvestris * was situated 
outside in the direction of one of these windows, 
constantly dosed Through the other window, 
which remained open, a wasp entered the room, 
came to the honey, on which it remained for three 
minutes, and then flew off m the direction of its nest, 
towards the closed wmdow. It circled round the 
room without succeeding m making an exit Carried 
outside by Lubbock hims elf, it returned shortly 
afterwards, and departing again in the direction of 
its nest, knocked once more agamst the dosed wmdow. 
Five times in succession it behaved in the same 
manner. Lubbock would not seem far wrong in 
thinkmg that " the wasps have a sense of direction, 
and do not simply find their way by means of sight ”. 
This conclusion does not necessarily emerge from the 
facts. The author neglects to give us various im- 
portant mdications as to the arrangement of the 
experiment. Notably he neglects to say whether the 
closed wmdow was not more lighted than the open 
one. The “persistence” of the msect m coming 
to knock against an insurmountable obstacle would 
seem due rather to some influence of this order than 
to a special inner impulsion Moreover, the fact 
that the wasp finally learned the way back contra- 
dicts absolutely the conclusions of Lubbock. Does 
the “ sense of direction ” consist in taking a barred 
route, or in re-findmg precisely the way which leads 
to the nest ? 

» Lubbock gives the species as V germamca — ^Tr. 
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To sum up, the experiments from which the 
authors claim to draw the proof of the existence of 
a special sense, independent of cues furnished by 
the known senses, are hardly valid, and we are unable 
to retain them. 

Quite on the contrary, rigorously conducted ex- 
periments point to a very different conclusion. 

At the outset, a very general observation presents 
itself. Bees and wasps, at the moment of leaving 
their nests for the first time, rise into the air fl5dng 
backwards, and move off slowly with their eyes 
turned towards the nest ; they proceed in the same 
fashion when the nest has been moved Whatever 
may be the factor determining this behaviour, and 
whatever its true utility, it is quite evident that 
the insect has before it the image of the nest and 
its surroundings ; the greatest probability is in 
favour of this image being registered We have here 
a preliminary assumption that the insect fixes sensory 
images 

The insect next turns round and flies afield It 
comes and goes back and forth, huntmg and foraging, 
and one is unable to put aside the further assumption 
that, all the time that it is on the wmg, it is form- 
ing a visual acquaintance with the external world, 
that it is registering additional sensory images. 

This registration, let us note well, does not m any 
way imply the intervention of states of conscious- 
ness. We have proof of this from our own expenence ; 
and this is exactly one of the rare circumstances in 
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which our introspection can aid in the analysis of 
the process. We are constrained to recognize, in 
effect, that we often see without looking, that we 
register images of objects to which we give no con- 
scious attention. To suppose the animal endowed 
with a capacity which is exercised with precision 
independently of conscious states is not, then, to 
formulate a gratmtous hypothesis, nor to attribute 
to it specifically human quahties. 

The facts, moreover, agree in showing the reahty 
of the visual cues which the imtial observations 
enable us to predicate. 

The experiments of von Buttel-Reepen furnish a 
first mdication He transported a hive 7 kilometres 
from its onginal site, and then captured several 
bees before they had been able to emerge and cir- 
culate m the new region He liberated these bees 
m groups at distances from the hive varying between 
40 and 80 metres Whenever an obstacle — tree, house, 
or thicket — was found to be interposed between the 
point of hberation and the hive, the bees were m- 
capable of finding the way On the other hand, 
all the bees which had been able to emerge from the 
hive regamed it when released under similar condi- 
tions. The latter, it must necessarily be admitted, 
had acquired knowledge of places of which the former 
remained in ignorance. 

It IS, moreover, unnecessary to move the hive in 
order to perform similar experiments , it is sufBcient 
to utilize, as von Buttel-Reepen also did, young 
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bees which have never been outside the hive Released 
even a short distance from the latter, not one re- 
turns. The experiment can be varied by releasing 
bees not far from the hive at twihght ; they descnbe 
several circles in the air, and soon drop, definitely 
lost. 

Several years before, Romanes'* had made an 
analogous experiment Placing a hive about 300 
metres from the coast, in a building situated in the 
midst of very large gardens, he allowed the bees 
time (one day) to explore the immediate vicinity 
He then shut the hive, and captured a certain number 
of mdividuals, which he divided mto two lots He 
released one of these 250 metres away, on the sea- 
shore outside the gardens, and the other at the 
actual extremity of the gardens Of the first lot, 
no mdividual returned ; of the second, all returned 
rapidly. 

In the same way, Yung'* transported to a 
distance of 3 kilometres on the Lake of Geneva, a 
batch of bees taken from a hive situated on the 
shore of the lake. These bees did not return. On 
the other hand, a second batch, belongmg to the 
same hive, was transported 6 kilometres inland , 
all the bees returned. 

These facts seem highly significant Not only 
does none of them suggest the idea of a special sense, 
but all lead to the conception of visual cues The 
bees wander as soon as they are released in an unknown 
region. 
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Experiments with wasps give concordant results. 
Gathering the entire population (25 individuals) 
of a nest of Vespa sylvestrts^* suspended m a bell- 
jar having a tubulure (fig i), I released them 50 metres 



Fig I — Kest of Vespa sylvestns suspended under a bell-jar 
with a tubulure 


from the nest, in a locahty where they were apparent- 
ly in the habit of circulating (fig 2, A) The first 
had returned at the end of two mmutes, 19 had 
returned in succession at the end of an hour and 
forty-five minutes , two only were definitely lost 
Three hours afterwards, the 23 wasps were trans- 
ported 200 metres from the nest mto a totally 
different locahty, a house interposing itself between 
the nest and the place of release (fig 2, B) The 
first return did not occur until eleven minutes and 
forty seconds had elapsed , the fifth after sixteen 
minutes ; the thirteenth after two hours forty-five 
minutes; ii individuals were definitely lost. 
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The thirteen wasps which returned were earned 
back the next morning to the 
same spot. All returned, the ^ ^ 
first in seven minutes, carry- 
ing booty ; the fifth in twelve 
minutes ; the sixth in thir- 
teen mmutes with booty ; 
the thirteenth in one hour 
forty-five mmutes. 

These three series of tests 
are conclusive. They show 
clearly that the return to 
the nest coincides for the 
wasps with the knowledge 
of places, and this implies 
an apprenticeship. In a known locality, the return 
is immediate and the number failmg extremely 
low , in an unknown locahty the return is 
lengthy, and the failures considerable. The in- 
dividuals which have fineiUy found their way make 
the journey more quickly a second time, and there 
are no failures. 


Fig 2 — Directions of 
liberation of V eylveslns 
^ , at a distance of 50 
metres from the wmdow 
before which the nest i 


This knowledge of places is, and in the case of the 
departure of flying insects m the right direction, 
can be due only to the registration of visual 
cues. What are these cues and what is their 
nature ? 
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Other experiments furnish on this point definite 
data for a satisfactory approximate explanation. 

Ferton “ observed a sohtary bee, Osmta rufohtrta, 
which nests in the shells of a snail [Helix ptsana). 



Fig 3 — Successive paths of Osmia rufohirta — A, B, C, D, 
successive positioiis oi the nest , M, plant on which the Osmta 
forages (aibet Ferton) 

The nest was at A (fig. 3), while the bee, foraging 
at M on a plant tuft, travelled constantly over the 
path MA. At a given moment the Osmta trans- 
ported the shell to B, 12 centimetres from the original 
situation. Continumg to forage at M, it did not 
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return directly from M towards B, but made an 
angle in the direction of A. The observer then carried 
the shell to C, 12 centimetres from B. The Osmia, 
returning from M, beat round for a certain time 
and at length found the shell. It returned to forage 
at M, and on its way back took without ahghtmg, 
but in markmg a pause at the level of A and B, the 
course MABC. Next, of its own accord, the Osmta 
replaced its nest at A ; then from the tuft Af it set 
out in the direction of A ; without havmg reached 
this, it made, at the point a, a curve towards B ; 
arrived at the point h, it described a new curve 
and arrived at C, whence it set off towards 
A. The bee thus traversed, without ahghting, 
the traject MabCA. At last Ferton earned the 
shell to D ; the Osmta then followed the Ime 
MACD, but soon rectified the route and took the 
line MCD. 

The same worker performed an entirely mter- 
changeable experiment with another Osmta, O 
ferruginea The results obtamed led him to conclude 
that the insect registers certam visual images — the 
local topography of the points A, B,C,D 

These facts, nevertheless, might authorize equally 
well another conclusion. Taking mto account the 
fact that the Osmta passes each time by the pomts 
where the nest origmally was, Pieron “ enunciates 
the hypothesis of a muscular memory (kmaesthesis). 
He considers that the insect would register, not 
visual images, but a certam effort brought about m 
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a certain way. To this interpretation Ferton” 
firstly opposes the argument that the bee does not 
always foUow exactly the same path, but tautens 
its curve more or less, a fact which exacts a different 
effort at every journey ; and secondly, he supports 
this argument by a fresh experiment. A nest (shell 
of Heltx vertniculaia) of Osmia rufohxrta was situated 
(fig. 4) in a small bare space, a httle in front of some 
tufts of grass AfN; the bee was foraging at D, 3 
metres away ; some plants of Ctstus, U, V, X, Y, Z, 
lined the way between D and MN. Ferton moved 
the shell to B, 30 centimetres away ; after some 
turns and wanderings the bee re-discovered it, and 
from this moment traversed the course DM-NB. 
It thus behaved as did the precedmg msect. The 
question is, precisely, to know whether the form 
of the course pursued depends on muscular memory 
or on visual cues. If these latter exist, they were 
perhaps taken from the tufts of grass M and N ; 
Ferton cut them off and pulled up also the neighbour- 
ing grass. From this time, the Osmta flew towards 
the site MN as long as it found itself between the 
tufts of Ctstus ; immediately afterwards, it turned 
straight towards B. It was then, in the absence of 
M and N, at once attracted by B. It is indeed a 
question of visual cues, consisting of various features 
of the landscape in the midst of which the bee is 
flying. The conclusion is important, but it only 
touches part of the question. 

These same experiments permit us to estimate 
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the way in which the flying Hymenoptera make 
use of visual cues. In sum, these cues are linked 
together on the return in the inverse order from 
that in which they were connected on the outward 



Fig 4 — Course of Osmut rufohttia between some Ctsttis (after 
Ferton) 

journey. Every one suggests the next following. 
Repetitions of the same journey always result in 
simplification ; certeiin cues are neglected, then 
omitted, and a new order is establidied. This emerges 
clearly from Ferton’s first experiment. It follows 
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also from the second, since this shows that the 
suppression of an intermediate cue, far from putting 
the insect off the track, leads it simply to associate 
two images not originally consecutive — it " tautens ” 
and straightens its course. 

An observation by Descy* permits us to isolate 
the process. An Osmia (O. rufa) has just finished 
a nest {A), and commences another {B) a metre away. 
It forages on a neighbouring tuft. Going from the 
tuft to B, it passes by A, At the beginmng it rests 
on the finished nest ; but, in the course of successive 
journeys, the halt becomes more and more brief, 
until finally the Osmta no longer stops. 

Thus is constructed the “ bee Ime ” — the course 
of return in a straight line. This is not all ; one 
can well conceive that starting from a certam cue 
situated quite far from the nest, in the zone where 
the insect is foraging, the greater part of the cues 
become finally neglected, and there are substituted 
little by httle for the visual images previously 
registered, other images, this time of a muscular 
order. All takes place then as if, a point of departure 
being given, the bee or wasp registered a certam 
effort, and set off without usmg a whole series of 
visual cues , the route for them is no longer marked 
out except at long intervals. 

In certain circumstances, however, and for short 
joume}^, muscular memory seems to be installed 
almost at the outset, and to play an exclusive r6lc 
as the means of return. When various Ammophila 
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dig their burrow, they remove the debris with their 
mandibles and carry it by fl3dng to a distance of 50 
or 60 centimetres, coming and going a great number 
of times The observations I have made on Ammophila 
heydeni “ have immediately suggested to me this 
interpretation. The wasp moves of! in a straight line, 
deposits its burden, turns round and returns in a 
straight line Every time it goes from the burrow 
an approximately equal distance There exists 
nothing, to left or to right, which could serve as a 
cue, and other circumstances, to which we shall have 
to return, allow us to affirm that neither does the 
sight of the nest act at all in this way Descy « 
and Verlaine ' have made analogous observations, 
and arrive at similar conclusions For his part, 
Ferton ” finds that, at the beginning, the Ammophtla 
does not alight exactly on the burrow ; precision 
IS estabhshed in the course of the successive returns, 
and is lessened by a contrary wind This last indica- 
tion supports clearly the idea of a kmsesthetic 
memory substituting itself for visual cues . in in- 
creasing the effort to accomplish the distance, the 
resistance of the wind shortens the journey effected 
by the Ammophtla 


B — Recogntfton of the nest site 

Thus guided by the kinsesthetic cues which are 
substituted, in part at least, for the visual ones, the 
fl5nng H5mienopteron arrives at the site of the nest. 
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Does the recogmtion of this site coincide with the 
finishing of the journey? Is muscular memory 
sufficient ; or does this recognition demand the 
constant use of visual cues ^ 

We have already indicated in a general way that 
the insect finds the site in the absence of the nest 
itself. Thus stated this fact would lead us to think 
that the Hymenopteron associates the topographic 
position of the nest with the end of a muscular effort. 
Certain more precise observations therefore become 
indispensable, in order to show that the site of 
the nest is in reality associated with sensory cues, 
and that it is perhaps not itself one of these cues. 
As a matter of fact, the cue which gmdes the insect 
is not always the one which most attracts the ob- 
server’s attention. When the latter perceives an 
object near the nest, or is struck by a certain dis- 
position of the surroundings, he is tempted to attribute 
to that object or that disposition a great importance, 
whilst the insect may appear hardly affected by the 
one or the other Such is the case of the Bembex 
rostrata observed by Bouvier”. Ten centimetres 
away from the orifice (A) of the nest of this Bembex 
was a stone (P), which seemed a characteristic 
feature of the surroundings (fig. 5). Nevertheless, 
the transport of this stone, either to A or to a position 
in symmetrical relation to A, did not occasion any 
perturbation on the part of the insect. On the 
contrary, when the stone was replaced in its ortgtnal 
position, and all the space around the nest sanded. 
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the Bembex wandered for forty-five minutes or more 
without discovering the entrance. The stone there- 
fore did not act as a cue; this resided doubtless 
m some local disposition not recognized by the 
observer, but which the insect registered exactly. 

In the same way, another observer demonstrates 
that it suffices to mow down the grass around the 
openmgs of nests of Bombus m order to disorient the 
insects. In proceeding thus, however, one does not 
know exactly what one is doing ; for as Verlame ’ 
remarks, modification of the site of the nest pro- 
duces no clearly appreciable effect on Bombus 
laptdanus and B. hortorum. 

In many cases, however, the experimenter discerns 
these cues, and can assure himself that they are un- 
deniably of a visual order. Marchand for example, 
observed the opening of a nest of Bembex situated 
50 centimetres in front of a tuft of Vtncetoxicum 
offtctnale , he cut off the tuft and placed it 60 centi- 
metres to the rear. The Bembex retummg to the nest 
was disoriented ; on the other hand, it went straight 
to the nest when the tuft was replaced at its habitual 
distance. Everything took place as if the tuft of 
Vtncetoxicum were the extenor sign of the nest. 

Ferton ” similarly observed a Eumenes pomtf omits 
provisionmg its nest, which was constructed on the 
branch of a broom plant He cut oft one branch to 
the right of the nest and another to the left. This 
modification had the immediate effect of completely 
disorienting the Hjmienopteron. 
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In certain circumstances, the modification effected 
seems at once more insignificant and more precise 
m its effect. Thus, an Osmta rufa, studied by Descy *, 
had built its nest in the angle of a wall one centi- 
metre away from an iron spike, fixed in the wall, and 
projecting from it about ten centimetres As long 
as things remamed undisturbed, the Ostnia came and 
went regularly. In the absence of the Osmta the iron 



Fic 5 — Observations on Bembex rostrata (after Bouvier) 

spike was taken away ; when the bee returned it 
wandered about, flew past the entrance of the nest, 
and disappeared. Then the spike was replaced ; the 
Osmta, which had not ceased wandering round, returned 
at once. During a fresh absence, the spike was taken 
out and fixed a httle lower ; this simple displace- 
ment equally confused the insect. 
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I had previously made an analogous experiment”. 
An Ammophila heydeni was digging its burrow 
on the floor of a fairly deep excavation, made m a 
sustainmg wall to allow the draimng ofi of water 
(fig 6) At intervals the insect ceased excavating 
and flew off, receding from the wall, following a line 



Fig 6 — Expenment with Ammophtla heydent. 


at right angles, and carrying in its mandibles some 
particles of earth It deposited its load 50 or 60 
centimetres from the wall, and then returned in a 
straight line towards its burrow. Always similar, 
this movement seemed stereot3^d, and I have 
indicated above that the insect was obeying in all 
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probability its muscular memory. But this is valid 
only for the journey leadmg straight towards the 
wall. Here is the proof. During one of these short 
absences I tore up some tufts of Sedutn which were 
growing near by, and placed them within the border 
of the hole, on the edge, but not projecting beyond 
the surface of the wall. On retummg, the Atnmophtla 
hesitated very slightly, but nevertheless went straight 
to the burrow, emerging again shortly afterwards 
I profited by this to add m the same conditions some 
supplementary stalks of Sedum and some dry leaves 
The behaviour of the Amtnophtla was in no way 
changed. Then, taking away stalks and leaves m the 
absence of the insect, I propped agamst the wall, at 
the level of the lower edge of the hole, a walking- 
stick with a crook, in such a way that the crook 
projected directly forwards The insect, which had 
just deposited its load of earth, returned directly 
towards the wall , but amving near the crook it 
stopped, turned briskly to the nght, proceeded to 
alight on the wall one metre fifty centunetres from the 
hole, and then set out again and disappeared. It 
returned at the end of half an hour ; the stick 
havmg been taken away, it entered the hole directly 
and began to dig Dunng this time I replaced the 
stick, and when the Atnmophtla emerged it walked 
along the crook ; on its return it halted agam, flew 
to the fixed point tn front of the margin of the 
opemng, then turned to the right and disappeared. 
An hour afterwards it had not yet returned. 
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According to the evidence, the cue is not here the 
actual opening of the hole ; its form and its interior 
arrangement do not appear to be connected with 
the burrow in course of digging, smce modification 
of the aspect of the opemng produces no serious 
effect. It is much more probably the whole of the 
surface of the wall which constitutes the cue leadmg 
immediately to the burrow or nest, and which guides 



Fig 7 — Experiments with Vespa svlvestrts The tubulure of 
the bell-jar containing the nest is lengthened 5 centimetres. 

the Ammophtla in the same way as the iron spike 
marked the last plane encountered by the Ostnta. 

To sum up, the cue appears to be less an object 
taken by itself, than a topographical relation between 
various objects and the nest. 

This interpretation seems especially imposed in 
the presence of the following facts relative to Vespa 
sylvestns. I had installed a nest of this species (fig. 7) 
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under a bell-jar having a tubulure at the top ; the 
bell-jar was placed before an open window ; the wasps 
entered and emerged freely, foraging and hunting 
in the surrounding countryside This arrangement 
permitted me to proceed with various experiments “ . 
Ordinarily, on returning from without, the wasps 
landed directly on the upper orifice of the tubulure, 
alighting without hesitation on the rim of this 
opening and going within immediately. 

Where is the cue in this case ? Is it the relatively 
volummous bell-jar? What would happen if the 
tubulure were displaced ^ First of all I moved the 
bell-jar twenty-five centimetres nearer the window, 
while a certam number of wasps were absent. On 
their return, instead of gomg straight on to the 
mouth of the tubulure, they passed beyond it without 
stopping, and circled round for several moments 
before finding the bell-jar and its opemng. Then 
the bell-jar bemg in its usual place, I fixed in the 
tubulure, by means of a cork, a glass tube which had 
the effect of raismg the neck five centimetres (fig. 7). 
The operation was effected, hke the precedmg one, 
whilst a certam number of the wasps were absent. 
When they returned, all except one alighted directly 
at the level of the normal openmg of the tubulure, 
which was closed by the added tube. Confused, the 
wasps crawled round for a variable time, and finally 
went up to the level of the new opemng. I vaned 
the experiment by raismg the bell-jar a distance 
equal to its own height (20 centimetres), without 
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introducing any other modification ; this time the 
wasps alighted directly on the edge of the platform, 
which occupied the former level of the opening. 

Must kinsesthesis be advanced as the cause? If 
one considered only the first experiment, where the 
wasps flew beyond the bell-jar which had been brought 
nearer, one could suppose such to be the case. But 
the mverse experiment, consisting in moving the 
bell-jar further off, does not agree with this interpre- 
tation If, in short, the wasps, gmded by muscular 
memory, go beyond the bell-jar when it has been 
brought nearer, they ought to circle on the previous 
site of the bell-jar when it has been moved backwards. 
This is not what happens ; the wasps arrive at the 
tubulure without perceptible hesitation. Moreover, 
how can kmaesthesis be said to intervene when it 
is above all a question of level? One can hardly 
suppose that the wasp returning from the fields flies 
always at the same height, and m such a way that a 
certain effort corresponds with the arrival on the bell-jar. 

In reahty, everythmg takes place as though the 
wasps measured, on the one hand, an angular dis- 
tance between the two planes — ^the plane of the table 
and that of the opemng — ^and on the other hand, a 
relation of distance between the successive vertical 
planes It is not the nest which is seen, which is 
separately localized , its position is estabhshed, for 
the wasp, in relation to the objects determining planes 
superposed m the horizontal sense, or successive m 
the vertical one. 
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Therefore, every displacement of the nest, or every 
modification in the plane levels, should cause con- 
fusion, and if the experiment of removing backwards 
produces no perceptible effect, this is due doubtless 
to the fact that the wasps, earned on by the impetus 
of their acquired speed, arrive straight on the bell- 
jar. But a lateral displacement would have suf&ced 
to confuse the msects. This is what Verlaine ’ 
observed when he effected such a displacement of a 
nest of Vespa sylvestns m relation to a tree. 

In addition, one last expenment shows the reality 
of this localization by successive planes The shutters 
of the window in front of which the nest was situated 
were generally wide open, and swung back against 
the outer wall dunng the day ; if they were com- 
pletely shut, the wasps entered by the space existing 
between their lower margin and the window ledge 
without manifestmg any confusion But it sufficed 
to leave the shutters half closed, making with the 
wall an angle of ioo° to no” to confuse the wasps 
greatly The position of the shutters forms, then, 
a supplementary plane before the wall. It is the 
same role as was played by the walking-stick in front 
of the hole of the Ammophila, or by the iron spike 
beside the nest of the Osmia, 

The recognition of the nest site thus depends in- 
contestably on visual cues, which cease at no time 
to direct the insect. In the course of journeying m 
the direction of the nest, the various visual memories 
have been able to become effaced, and to give place 
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to muscular memory; in the vicinity of the nest, 
kinsesthesis no longer plays a part, visual cues again 
intervene, and everything seems to indicate that 
the site itself is recognized only in close connection 
with these cues. 

It is, moreover, a question of a complex chain of 
events such that the cue is no longer the nest as an 
object taken by itself, but a relation of distance 
between various planes marked by the object or by 
the nest. Furthermore, the H5menopterous eye 
perhaps does not give a clear-cut, nor above all a 
detailed vision of objects. The Atnmophtla seems 
scarcely able to distinguish the change caused in 
the general picture of the opening at the bottom of 
which it IS excavating its burrow , but it distinguishes 
at once the presence of the object which, placed in 
front, modifies the registered distance. It is thus 
also in all the other cases. The insect appreciates 
superposed or successive groups of objects and their 
relations of distance ; the isolated modifications 
of a part of any one of these groups passes as it were 
unperceived, whilst the interposition or suppression 
of a new group occasions a lengthy confusion. 


C . — Recognition of the nest 

Does the arrival at and recognition of the nest 
site lead to the recognition of the nest itself? If 
the nest which happens to be on the site is not the 
real one, will the insect adopt it without difiiculty ? 
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When apiarists wish to reinforce a swarm or to 
change a hive they substitute one hive for another, 
and the bees generally accept the substitution. Does 
it follow that for the bees the nest is identified with 
the site? A categorical affirmation would perhaps 
not correspond with the truth. Even when it is 
successful, the substitution effected by the apiarist 
mduces a certam disturbance among the bees, which 
do not at once adopt the new hive. I have been 
able to assure m}^lf with other Hymenoptera, 
that if the insect finds another nest in the place 
of its own, the change does not leave it entirely 
indifierent. 

It was with this aim that I substituted for the 
bell-jar covering the nest of Vespa sylvestris another, 
similar m every particular, covering a nest of Vespa 
crabro. At the moment of substitution, several Vespa 
^Ivestns were foraging in the fields Two of them 
soon arrived , they went indeed into the new bell- 
jar ; I remarked, however, a shgbt backward move- 
ment before entering Once in the bell-jar they 
went on to the nest, but stayed hardly a moment, 
and then departed. Evidently the extreme similarity 
of the two bell-jars led to confusion, which was pro- 
duced without being exactly immediate, but which 
stopped at this pomt and did not extend to the 
nest. 

In the same way, I substituted for a nest of Pohstes 
galhcus* a nest of the same species, empty and 
dating from the previous year The Pohstes returning 
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to the site alighted on this nest, " explored ” it, and 
finally abandoned it Certainly, this nest no longer 
contained any larv®, and so differed essentially 
from the actual nest. Perhaps this circum- 
stance determined the abandonment, as Descy has 
suggested 

The experiment, when made under improved 
conditions, gave results very little different. In 
the course of the summer of 1925, I placed side by 
side the nest from which a Polisies had just emerged, 
and another which was still in use Set down an equal 
distance from the two nests, the insect “ explored ” 
them one after the other, and finally abandoned 
the strange nest. 

Another equally positive observation shows that 
changes very shght in appearance occasion an 
" uneasiness ” on the part of the insects When I 
added a tube to the neck of the bell-jar enclosing 
the nest of Vespa sylvestris (v p. 32), this addition 
had not simply the effect of raising the opening and 
confusing the wasps , it provoked also a marked 
hesitation once the new opening was discovered 
Not all entered directly — at least they became involved 
in the added tube and came out again Conditions 
were evidently not as usual. Several wasps, never- 
theless, entered without perceptible hesitation. 

On the other hand, the wasps which were in the 
bell-jar when I inserted the tube mamfested a great 
uneasiness Though the added tube simply reduced 
the calibre of the opening without obstructing it, all 
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the wasps massed themselves finally at the level at 
which the tube entered the bell-jar. Some went into 
the tube but immediately came out again, as if they 
found an insurmountable obstacle before them. It was 
only at the end of half an hour that the insects over- 
came this difficulty It cannot be doubted that the 
new arrangement, whether because of the slight ledge 
caused by the tube, or the calibre of this tube, or 
some odour — or any other analogous cause — ^pre- 
vented the wasps from " recognizing ” the onfice by 
which they had for several days been leaving the 
nest. 

It is true that the substitution or modification 
effected does not always provoke a marked uneasiness. 
I refer to the fact that Descy was able to replace 
a nest of Vespa germantca by another without causing 
any confusion Substitution is always possible, since 
apiarists are constantly making use of it, but this 
does not mean that it occasions no reaction, or that 
the new nest is adopted at once From the assem- 
blage of facts, the hkelihood emerges that the insect 
does not confuse nest with site, but recognizes the 
nest. 

What then is the cue to the nest ? We have hardly 
the means of choosing among all the various possible 
h)^theses. The experimental data solely enable 
us to say that sight does not undeniably play the 
preponderant role, and that olfaction intervenes 
perhaps in a more active way. It seems difficult, in 
fact, to admit that the Hymenopterous eye discerns 
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such a minute detail as the modification in thickness 
of glass, or the very slight difference in contour between 
two nests of the same species Moreover, the facts 
observed by Ferton in the Osmta •* indicate clearly 
that only the colour and shape of the ensemble affect 
these insects. When one moves the shell m which 
an Osmta { 0 . rufohtrta) has made its nest, the insect 
comes and goes, turning in all directions ; at intervals, 
it alights on shells, or even on stones of similar colour. 
Giard •* has also made similar observations on 
Osmia aurulenia nesting in the Helix of the dunes of 
Wimereux. 

In all probabihty, the visual images registered by 
the Osmia are images of an ensemble corresponding 
to a contour of vague shape, or to a not very clearly 
defined system of coloration. The cues permitting 
effective recognition are furnished by other senses 
than sight In the case of the wasps frustrated by 
the addition of a simple tube, these cues are perhaps 
of a tactile order. In the case of the Osmta of Ferton, 
they are, m part at least, of an olfactory order. 
Scarcely has the Osmta, in fact, ahghted on a stone, 
or a strange shell, than it departs at once and re- 
commences its wandering , when it alights on its 
own sheD, it recognizes this immediately. It re- 
cognizes its shell, even if the shape has been changed, 
either by damaging the peristoma or by partial bury- 
ing in the ground , it recognizes its own m the midst 
of many others, even if it is crushed A distinction, 
however, is necessary, which clearly defines the 
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process. Recognition takes place when the peristoma 
is above, but not, according to Ferton, when it is 
below, and when the emanations from the bee- 
bread are thus either stopped or at least strongly 
diminished. 

The recent experiments of Verlaine ’• reveal 
equally the part played by olfaction in this 
“ recognition ” of the nest The experimenter con- 
cealed a nest of Vespa germamca under a cardboard 
shade, and disposed all around ten s imilar shades. 
The relative position of the nest was constantly 
modified in such a way as to avoid topographical 
localization on the part of the wasps The cover 
of the nest was, however, perfumed with mmt or 
eau-de-cologne. The results were very significant ; 
although availing themselves of no other cues than 
the odour exhaled by the cardboard shade, the wasps 
returned straight to their nest Verlaine ’ had 
previously established the fact that if theu nest is 
suspended from a branch of a tree, wasps are attracted 
by it when they find themselves beneath it, at a 
short distance, m a head wind. 

Observations and expenments thus agree Posi- 
tive for both Osmta and wasps, they carry some 
degree of generality. It is true that not all flying 
insects have an equally developed sense of smell ; 
but it would be extreme to deny the mtervention 
of olfactory stimulations. They are, however, not 
alone, and in certain cases one must perhaps also 
take tactile stimuh into account. However that 
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may be, one is unable to afiinn that the site of the 
nest coinades for the insect with this nest ; and 
the recognition of the nest does not necessarily follow 
from the recognition of the path leadmg to the site. 


From a general pomt of view the assemblage of 
well-established facts regardmg the flymg Hymen- 
optera permits a definite conclusion The onentation 
of these insects bnngs into play only sensory cues 
From the moment the insect starts in the direction 
of the nest, until that in which it arrives at the site 
of the nest, these cues are certamly and pierhaps 
exclusively of a visual order 
The manner in which these cues are registered 
seems complex Besides the fact that the cues are 
relations between objects rather than the objects 
themselves, it can be stated that the flying Hymen- 
opteron registers at departure images Imked together 
as they would be on return, since it flies off looking 
at the nest. But immediately after this, it registers 
images of which it must on return reverse the order 
of connection. Experimentation proves that this 
latter process is a matter of no difficulty , from its 
first excursion abroad, the insect retraces the path 
it has just travelled This result permits us also to 
say that the backward flight, executed by every 
Hymenopteron which leaves the nest for the first 
time, has perhaps no real utihty. 
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As far as this is concerned, moreover, experiment 
furnishes reasons for thinkmg that it can just as 
well lead the insect into error, as facilitate its return. 
Experimenting for instance with the nest of Vespa 
sylvestns ”, I first of all arranged an exit by the 
bottom of the bell-jar ; m a constant fashion the 
wasps which came out rose at once and flew above 
the bell-jar, having thus m view the upper part of 
the jar and its surroundmgs ; m consequence, on 
returning they alighted on this part and never at 
the openmg, which they took a certain time to find. 
Who, moreover, has not seen Bombus searching a 
long time in the neighbourhood of their nest before 
encountering it ? Do not these hesitations arise 
precisely from the registration of unages which do 
not exactly correspond with the nest site? Such 
hesitation is in vivid contrast with the assured flight 
of the H}mienopteron which follows the return path 
between the region in which it has been foragmg 
and the site of the nest. 

This path doubtless improves progressively and 
becomes simphfied , various intermediate cues fade 
out and disappear ; it is even probable that muscular 
memory is substituted for visual cues over a large 
part of the course. In all these cases, the visual cues 
immediately leadmg to the nest persist. It is these 
latter of which we have been able to grasp the co- 
ordination into a complex of superposed or successive 
planes. At the nest itself olfactory, tactile and 
perhaps other cues come into play. 



ORIENTATION AMONG FLYING INSECTS 43 

To sum up, in the whole course of the path analysis 
finds sensory cues only ; at no moment does it find 
occasion to adopt the idea of a special sense of any 
kind whatsoever 



CHAPTER III 


ORIENTATION IN WALKING INSECTS 

T^O these conclusions, which are valid for winged 
insects, apply to all the other Invertebrates ? It 
cannot be admitted a pnori, for the conditions differ 
essentially in the two cases Assuming that the 
animal registers visual images, it naturally does 
not register them in the same way ; and neither 
are they comparable images. Furthermore, the 
fact of walkmg bnngs the animal into immediate 
contact with vanous stimuli which are encountered 
by the flying insect only at the moment of abghting 
on the nest. 

Among the Invertebrates which move about by 
means of walking, the ants have been by far the 
best studied, and it will be convement to examine 
them first. 


I. — ^THE ANTS 

Like the winged H5menoptera, the ants leave 
them nest, go a great distance, and then regain their 
point of departure, usually after having gathered 
booty of some kind. 
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When an ant goes out for the first time, or after 
displacement of the nest, the manner m which it 
behaves bears some analogy with the backward 
flight of bees and wasps. Admittedly, it does not 
leave backwards, but, havmg arrived at the openmg, 
instead of launching straight forth, it stops and 
wavers, steppmg to the right, to the left and for- 
ward, as if hesitating. The sum of facts actually 
known does not, however, oblige us to think that this 
behaviour, descnbed by Brun has any neces- 
sary relation to the recognition of the nest It does 
not, as we shall see, prevent very considerable 
hesitation on return , and perhaps it is the same 
with this attitude on departure as with the back- 
ward flight of bees However this may be, once 
the ant has come forth and is on its way, two very 
distmct cases have to be considered, according to 
whether the insects move about smgly, or follow 
each other in column formation. Each case demands 
separate study 


A. — Collective Journeys 

When the ants move about in columns, they 
form often very long files, and follow worn paths, 
which are more or less numerous around a formicar5^ 
are always well-traced, and adhered to very exactly 
Observers have for a long while recogmzed that 
the ants using these paths are guided by the odour 
with which the latter are impregnated. Numerous 
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facts support this opinion, while showing that though 
olfaction may play the principal part, it does not 
play an exclusive one. 

Of all observers, Fabre* alone denies the inter- 
vention of the sense of smell. He finds, however, 
that red ants, leaving in a column, follow on return 
all the windings of the outward ]oumey ; but after 
having provoked a lengthy disturbance by sweeping 
the track, drenching it with water, impregnating 
it with mint, and covenng it with paper or yellow 
sand, he concludes that ants proceedmg in a column 
are guided by visual cues. Without further proof, 
he affirms that these cues are taken from micro- 
scopic objects, on a scale with the ants. He has, 
obviously, forgotten to make the necessary counter- 
experiment, either by blindmg the ants or by 
removing their antennae. ‘ 

The experiments of Forel on the contrary, 
set the problem definitely. 

Forel first removed some of the individuals from 
a collective track of Formtca pratensis He cut off 
the antennae of some, varnished the eyes and ocelli 
of others, and then replaced them on the path. The 
individuals without antennae wandered indefinitely 
in all directions ; they did not succeed in resuming 
the correct direction, and finally became lost As 
for the blinded individuals, although they mani- 
fested evident uneasiness, they nevertheless finished 

‘ It » to be noted, moreover, that alter having admitted a 
•• sense of direction ” for the flying Hymenoptera, Fabre postulates 
sensory ones for the ants 
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by taking the direction of the nest. At the outset 
they meandered somewhat, but this soon diminished, 
and the course became correct. On the outskirts 
of the nest, however, the insects went to a certain 
extent out of the way 

Nevertheless for this species the suppression of 
the sense of smeU took from the ant all possibility 
of returning to the nest , the suppression of sight 
induced only a passing and partial confusion. The 
rdle of olfactory cues seems then preponderant 

This IS also the case for other species, notably 
for Formtca rufa, studied by Pieron *® A column 
of this species was proceeding along a path strewn 
with rocks and stones By scraping with a rock 
over an extended surface, or by sweeping the 
ground, the author occasioned a marked disturbance 
He obtained the same result by altering the posi- 
tion of a stone or leaf on the trail, but the ants passed 
straight on when they met with this stone or leaf 
in its new position The interposition of an 
" odorous ” obstacle caused equal uneasiness 
We have all, moreover, been able to perfcam 
similar experiments, and to obtam concordant and 
very significant results. 

In addition, it is right to emphasize that the 
Formica have relatively short sight, a fact that adds 
to these experiments an element of proof. If, in 
short, one is dealing with species which are blind 
or have poorly developed sight, olfaction alone enters 
into account. Ford states that an Eciton (blind) 
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which has been following a^gcent, resumes it without 
error on being turned aside In the same connection, a 
Pofyergus deprived of its antennae is immediately lost. 

Cometz “ for his part, has shown experimentally 
the way in which an olfactory trail is constituted. The 
necessary time for its establishment varies accord- 
ing to the species. It is particularly brief for species 
with a pronounced odour . such is notably the case 
with Tapinoma errahcum If one cuts across a 
trail of ants of this species by sweeping it over a 
certain length, what will be the result First of all 
a marked disturbance ; the ants surge back in a 
mass from the two sides of the swept area. Then, 
at the end of three mmutes some individuals begin 
to return, the first seven behaving in the following 
way (fig 8). The first to arrive, movmg rapidly, 
enters the swept zone, but, after going a distance of 
from 6 to 7 centimetres, stops confused and finally 
returns m the reverse direction. The second, arriv- 
ing from the opposite side, advances a httle, retires, 
and then returns and crosses the swept zone m a 
definitely oblique direction. The third, after a 
brief excursion at a slow pace, returns m the reverse 
direction The fourth, after a definite return, de- 
cisively enters the swept area and crosses it slightly 
obhquely. The sixth and seventh cross almost 
direct, meanwhile describing wide curves. From 
this moment the trail seems re-estabhshed , for 
this to be effected, about eighteen minutes have 
been necessary. 
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The time, however, can be much longer Cometz 
counted one hour and twenty minutes at least for 
Messor bar barns The nest being at N (fig. 9), some 
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Fig g — Recoastruction of an olfactory trail of Messor barbarus 
(after Comete) 
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seeds were placed at G before a worker which was 
2 5 metres from N. Dunng twenty mmutes it 
journeyed back and forth, but without followmg 
exactly the same path, then other workers came 
out, followed the trail of the first for a length of 50 
centimetres, as far as D' and dispersed beyond that 
jioint The dispersion was very marked at D Several 
arrived at the seeds, and at the end of about an 



Fig 10 — Formation of an olfactory trail (Santscbi’s experiment) 

hour and twenty minutes had traced a path from 
3 to 4 centimetres wide From this moment every 
ant placed on the path wandered for a longer or a 
shorter period, according to the distance at which 
it found Itself from the nest, that is to say, according 
to whether the trail was more or less well defined. 

In a general way, once the path is established, 
the ants follow it regularly, so much so that at the 
end of a certam time, one sees visible traces on the 
ground, in the form of a hnear depression. 
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How is this trail marked out? Is prolonged or 
renewed contact of the ants with the ground sufficient ? 
Santschi found ” that ants going afield {AcanthoUpts 
frauenfddt, Tapinotna enaitcutn,C<>*npotwiusmaculaius) 
emit a secretion which impr^ates the ground. The 
following experiment demonstrates this clearly. In 
one of the compartments of an artificial nest (fig. lo) 
were enclosed twenty workers, which were kept 
without food for three days. On the third day, after 
some S5mip had been placed in the fourth compart- 
ment, the passage was opened. An ant explored 
the three consecutive compartments, encoimtered 
the syrup, and returned dragging its abdomen on 
the floor From this time the other ants foDowed 
the trail, and went directly to the S3Tup * 

No doubt remams as to the existence and utiliza- 
tion of an olfactory trail One pomt, however, must 
detam us. When the trail is mterrupted, after a short 
penod of confusion it is finally re-established , this 
imphes that the ants resume the same direction, 
followmg it in the absence of olfactory cues. What 
influence do they obey ^ 

According to Cometz, the ants would possess a 
general orientation to the way {pure direction), and 
follow it out on the disappearance of odorous trails. 
The term “ pure direction ” may lead to confusion 
by evokmg the idea of a transcendent faculty. If 
I have properly understood the thought of the author, 

* Santschi speaks of a trail " intentionally " traced It is not 
necessary to follow the eminent experimenter as far as this. 
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It is a question, in reality, of acquired orientation, 
of a sensory cue of a nature perhaps dif&cult to state 
precisely, but devoid of aU mystical signification. 
We shall see later that Cometz’ mterpretation corre- 
sponds probably with positive facts, and that the 
insect makes use on the return, of an " orientation ” 
registered on the outward journey. It is, never- 
theless, not the only factor mtervening, and its action 
is not always predominant. Other cues enter mto 
account accordmg to the species, as well as to the 
circumstances. 

One fact, at the outset, should claim attention. 
When one removes an ant from its path, and replaces 
it a httle later, it resumes the direction which it was 
previously foUowmg. In the unpossibihty of seetng 
the nest, by what cue does it guide itself ? Does the 
olfactory trad furnish some sign or other which 
indicates the direction of the nest^ Forel supposes 
that the ants possess a topochemical sense, and that 
they are capable of localizing their olfactory sensa- 
tions in space. They would then perceive differences 
in the mode of emanation of odours , they would 
distinguish the " elongated smell of a blade of grass, 
the rounded and different smell of another leaf . . . 
that of a clod of earth . . that of a passing insect, 

and so on.” The ant would then not confuse its 
right with its left, and eveiythmg would take place 
as though, according to the expression of Bethe, 
the collective trad were polarised Forel founds his 
conception on the fact that ants {Formica praUnsts) 
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captured on a trail leading to a group of aphides, 
then replaced on this trail a metre from the point 
of capture, resumed the direction they were following, 
after some very short circuits. .This observation 
appears to him to correspond to an experiment made 



Fig II. — ^The concentric rings and movable disc of Lubbock 

by Bethe A movable disc was mtroduced mto 
a collective trail ; when by successive ]oume5rs the 
ants had sufficiently marked the odorous trail, the 
disc was turned through i8o“ ; the trail still existed, 
but the segment corresponding to the disc was exactly 
reversed. The ants manifested a very hvely dis- 
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turbance, going back and forth over the disc, greatly 
agitated It was only when their coining and going 
led them to the other side, that they resumed their 
route tranquilly, either towards the nest or towards 
the aphides. 

Though evidently very mgenious, Forel’s con- 
ception certainly does not account for the facts. If 
it IS true that an ant displaced on a collective trail 
resumes the same direction, this result is not due 
with certainty to a difference recognizable by the 
insect between the right and left sides Bethe’s 
experiment permits another interpretation. In fact, 
a previous experiment by Sir John Lubbock, under- 
taken with quite a different aim, does not give at 
all the result mdicated by Bethe Workmg with 
Lastus ntger, Lubbock took two concentric rings and 
a central disc, movable on one another (fig. ii), in 
such a way that they could rotate independently. 
Now, when he turned through 180° either LA or 
GF, while leavmg the nng IG fixed, he observed no 
modification in the movements of the ants ; they 
continued straight on their way. 

One or several other conditions, then, intervene. 
One of these conditions is due to the fact, accord- 
ing to Brun, that the odour of the trail diminishes 
progressively m intensity as the nest is left ; this 
gradual diminution he thinks would guide the ant 
when going and coming. The fact would be par- 
ticularly marked on trails leading from the nest to 
a group of aphides, and appreciably less distinct 
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111 Dilit-r c."ses In the former case, the general 
direction of the journey would be furnished by sight 
to ants stopped by a break in the continuity. Various 
experiments of Santschi establish this m a positive 
way. Here, for example (fig. 12), is a nest N, from 
which lead two trails : one in a direction from east 
to west (a), the other in a south-westerly direction (ft). 



Fig 12 — Influence of light on ants following an olfactory 
trail (Santscbi's expemnent). 

From the trail a, an ant proceedmg towards N is 
removed and placed on trail ft. It continues its 
journey towards the east, and goes off the trail ; but 
is immediately led back to it by the odour. A little 
afterwards, notwithstanding, it again takes the 
direction of the east, and again the odour leads it 
back. 

Brun obtained the same result and arrived at the 
same interpretation by a different experiment. Over 
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an ant which was going away from the nest N towards 
the sun, at three p.m. (fig. 13), Brun placed a box, 
enclosing it thus until five p.m. He then raised the 
box and the ant departed, retracing its steps in the 
opposite direction from the sun. Brun noted that 
the angular difference between the outer and return 



Fig. 13 — Influence of light on ants (Brun's expeiunent). 
journeys corresponded to the angle formed by the 
positions 5 and S' of the sun before and after the 
imprisonment of the ant. 

These experiments doubtless do not exclude the 
hypothesis advanced by Cometz of an orientation 
in general direction. But as Santschi, and after 
him Brun, have established with certitude, as we 
shall see, the rSle of luminous cues, there is ground 
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for assuming that these cues intervene in the case 
of partial destruction of an olfactory trail As a 
consequence, we find ourselves led to think that ants 
going over a given trail register at least two orders 
of cues, one visual, the other olfactory ; the one 
or the other predominates accordmg to species and 
circumstances Species with good sight and feeble 
sense of smell, such as Caiaglyphxs, use especially 
visual cues, and are able to continue their route after 
removal of the antennae , short-sighted species utilize 
rather olfactory cues, and are more or less disoriented 
by amputation of the antennae, as is Messor Within 
a given species, one or other of these two senses comes 
into play in virtue of the age of the trail The older 
this IS, the more odorous, and the less sight intervenes ; 
this, however, plays the principal part at the com- 
mencement of establishment of a trail, or if by chance 
it is interrupted 

Tactile cues intervene as accessories Turner •• 
shows that the interposition in a path of a velvet 
surface is sufficient to confuse the ants These varied 
stimuli are associated with, complete, or replace one 
another, and these multiple interferences show all the 
complexity of the process 

B — Isolated Ants 

We shall perceive this complexity stiU more when 
we enter into the facts m detail by stud5dng ants 
which leave the nest alone, without following a beaten 
track Olfaction is, in consequence, eliminated. 
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except on amval , and this circumstance permits us 
to proceed to a more precise exa mina tion of other cues 
The ant which moves about alone sets out at hazard 
After havmg travelled about for a certam time, having 
fed or gathered booty, it returns towards the nest 
For it, as for flying Hymenoptera, a distmction must 
be made between the return m general direction and 
the recognition of the nest site 

This appears to coinade with the recognition of 
the nest itself. The analysis of the process presents 
no difficulty, and it is preferable to examine it forth- 
with, in order not to have to return to it. 

a. Recognthon of the nest site. When, following 
a general direction, the ant arrives at the level of the 
nest, it does not necessarily happen on the nest itself, 
but only on the immediate zone, sometimes barely 
a few centimetres away One sees it then go hither 
and thither, descnbmg twists and turns, well observed 
by Turner ” in a dozen species , it performs, m 
a word, the turning which Cometz terms " le tournote- 
ment de Turner " This is caused by the multipUaty 
of individual olfactory trails which mtersect m the 
neighbourhood of the nest. As soon as the ant en- 
counters a collective trail, from which doubtless 
emanates a stronger odour, it goes straight to the 
nest. The tummg lasts less long m species with 
good sight which utilize other cues, than in species 
with feeble sight for which olfaction plays the chief 
part For both alike, eveiythmg maskmg the cues, 
for example the canying of booty suflfiaently bulky 
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to limit the fimctioning of the antennae while also 
obstructing sight, increases the uncertamty. 

This tahes place only m the immediate surround- 
ings of the nest. Up to that point, the insect follows 
independently of all olfactory trails, a general direction 
which leads it exactly to these immediate surroundings. 
What cues does it follow? To what influences is it 
subjected ? 

b. Progression in general direction. At the outset, 
an essentiad statement is imposed ‘ the outward journey 
conditions the return. All present writers, Cometz, 
Saintschi and Brun among others, are unanimous and 
precise. From this point of view, then, the ants behave 
like the flying Hymenoptera. Ants carried away from 
the nest either do not find it agam, or if they do so, it 
is only aifter having waindered more or less at length, 
turning more or less regularly. The return to the nest 
depends in this instamce on pure chance, amd nothing 
distinguishes amts from bees and wasps in this respect. 

But, on the other hand, every ant which hais gone 
away from the nest on its own account returns to 
it, even if large distamces are traversed ; the return 
path is paraillel to the outwaurd one, whatever may 
be the complexity of the latter. Gimetz** was 
the first to establish the fact of this parallelism, which 
hais been confirmed by Samtschi **. Most often 
(in 90% of the caises), the ant which trave’s away 
from the nest follows a single direction. Its progress 
is not strictly rectilinear ; it is cut into by " explora- 
tions ” (fig. 14, E), but after a short or prolonged 
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Fig 15 — Outward path in two principal 
doubled by dotted line), and return path of an 
Cometi). 


directions (line 
isolated ant (after 
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curve, the insect resumes its original direction. As 
soon as the ant encounters an attractive object, it 
takes this m its mandibles, turns through 180°, and 
sets off towards the nest. In this also, the ant 
behaves as does the bee which has just found booty. 
From the moment it resumes the direction of the 
nest, it follows a perceptibly straight path, 40 or 
50 centimetres distant from the outward path At 
the level of the nest it stops, and there the turning 
commences. 

In some mstances (fig 15), the ant follows on the 
outward journey two directions, usually at right 
angles , the return is none the less parallel, some- 
times cuttmg across the outward path Finally, 
in exceptional cases the ant adopts three du’ections 
which It adheres to on return, even if the point 
stopped at is relatively near the nest (fig. 16). In 
the two last-mentioned circumstances, however, it 
happens that the ant takes the shortest cut , we 
shall examine this particular case later. Under all 
conditions, the ant stops at the level of the nest, 
even if the return path leads it laterally for some 
distance. 

The problem bemg thus clearly stated, the question 
anses as to what are the factors determmmg the 
return. Olfaction does not enter into play, since 
neither sweepmg nor obstacles turn the ant from 
the path. The experiments of Cometz are decisive 
on this pomt : the sweeping of a broom m front 
of the returning insect (fig 14, B), remains without 
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effect. In addition, the ant sometimes cuts across 
the outward path, and is not retained by it. The 



Fic 1 6 — Outward path in three pnncipal directions (line 
doubled by dotted line), and retumjmth of an isolated ant N, 
neat , R, commencement of return. The dotted hne NR mdicates 
the straight line leading to the nest, which the ant does not take 

insect follows a new road which cannot yet be im- 
pregnated with any odour. Three questions, there- 
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fore, must claim our attention : the resuming of 
the general direction after encounter with booty, the 



Fjg 17 — Nest with two openings, Nt, A’s X, piece ol bM* 
placed under a cover The ants which emerge from Nt go under 
the cover at the point A , those which emerge from Nt enter 
at the point B 


return by a parallel route, and the halt in the region 
of the nest, and at the level of the latter. 


The first question formulates itself here in the 
same way as in the case of the flying Hymenoptera, 
but the ants furnish some elements which permit 
us to foresee a solution 
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There exist, in fact, ants which go abroad at night, 
or at the least in badly-lighted places. Many of them, 
moving about alone, do not make use of any olfactory 
trail. Now, after having circulated about, they take 
again the direction of the nest. An experiment by 
Cometz ** IS very suggestive on this point. In 
proximity to. and to the east of a nest of Tapinoma 
errattcum havmg two entrances JV,, JVi, the expenmenter 
deposited m the twilight a bone over which he placed 
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Fig 1 8 — A', B‘, points at which the ants stream out from 
the cover (after Cometz) 

a cover (fig. 17). The bone was soon discovered by 
the ants, which passed under the cover equally from 
N 1 and N , , they thus followed two directions . from 
west to east, and from south to east. The bone, 
extensively attacked by the ants, was transported 
at night 5 metres to the north, hidden under the cover 
to avoid all influence of light, however feeble. In 
addition, it was placed down after rotation through 
90“. Half an hour later, the ants commenced to 
leave the bone, coming out from under the cover by 
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the points A' and B' corresponding with A and B 
(fig. 18), then following two directions from east to 
west and from south to west, that is to say, two 
directions parallel to those followed on entenng 
(fig 19 )- 



Fig tg — The ants outside the cover follow two directions parallel 
to .-lA,, and iiAi of fig 17 (after Cometz) 

The experiment, which was repeated several times, 
seems to have been conducted with all necessary 
ngour, and should be held valid. Without doubt, 
as Santschi" remarks, the observer does not see 
what takes place under the cover, and there is nothmg 
to prove that ah the ants resume at the outset the 
direction taken on entenng; there may perhaps 
also exist a slight deviation between the entering 
and return journeys ; the general direction is none 
the less taken, and that alone is of importance. 
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Now, under these circumstances the ants make no 
use of olfactory, visual, or tactile cues ; they were 
on the bone at the moment of transportation ; they 
were deposited in new territory where there could 
exist no trail parallel to the two initial directions ; 
they had been transported at night, not only to a 
considerable distance, but into an appreciably differ- 
ent environment. We are constrained to admit, 
until proof to the contrary, that the ants registered 
a certain direction. Evidently they could do so 
only by reference to the bone, for it must be em- 
phasized that they register the direction of active 
change of position and never of passive removal. 
The transport of the bone 5 metres to the north of 
its original position certainly exercised no influence 
on the return reaction. There is no question then 
of a m3^terious and inexplicable inner sense, of a 
sense of " attitudes ", nor of anything resembling 
it, but of a direction taken in relation to an exterior 
cue. Such is at least, the significance which to my 
mind emerges from Cometz' experiment. The cue, 
in this case, can be only the bone. 

The latter undeniably imderwent a rotation of 
90®; but need great importance be attached to 
this rotation? The ants probably circulated to a 
certain extent in all directions on the bone, and 
the change in orientation imposed on it adds hardly 
at all to the effect of the comings and goings of the 
insects, especially as it was a passive change in orien- 
tation, To suppose, then, that the ants register the 
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angles thus described amounts to formulating an 
entirely gratuitous h3rpothesis. As a matter of fact, 
every ant which abandons the bone and resumes 
the direction of entry, behaves in the same way as 
the one which meets with a booty and returns along 
the road to the nest — and in the same way as every 
fl5dng H5menopteron which executes the same move- 
ment in analogous conditions. The experiment of 
Cometz, by eliminating a series of variables, indicates 
that this tummg round is not necessarily directed 
by the habitual exterior cues. In all probability, the 
cue is the actual object encountered by the insect, 
whether it carries it away or abandons it. 

What is the connection which is thus established 
in the nerve centres of the insect between this cue 
and the outward direction ? We are quite incapable 
of saying what it is The fact remains, and is more- 
over not isolated, so that it should not be needful 
to consider the establishment of such a connection as 
necessarily boimd up with the process of return to 
the nest. 

Cometz' experiment is in fact m close agreement 
with experiments which I myself carried out in- 
dependently, and of which the first dates back to a 
period when, by reason of circumstances, I had not 
become acquainted with the work of Cometz. At 
that time I observed the relation of these experiments 
to the problem of orientation, and it now appears 
to me extremely dose. 

It was in September, 1916. I encountered on a 



70 HOW ANIMALS FIND THEIR WAY ABOUT 


path a caterpillar of Cossus Itgntperda coming from a 
neighbouring willow and going towards the east. 
With the end of a stick, I turned it aside ; but it 
immediately resumed its direction. Successive 
attempts remained entirely m vain Whether I caused 
it to perform a rotation of 30“ or of 180®, once it was 
left to itself the caterpillar executed a rotation in 
the reverse direction of approximately equal value. 
If I placed an obstacle in front of it, it skirted round 
this without allowing itself to be diverted Finally, 
I permitted it to advance along the path ; it entered 
the bordering ground, traversed a distance of thirty 
metres (in twenty-five minutes), commg into contact 
with various herbaceous tufts, and at length stopped 
at one of them and began to burrow I straightway 
extracted it and carried it to the point of departure ; 
scarcely liberated, it set out again, once more towards 
the east. I interrupted the experiment and im- 
prisoned the caterpillar m a flask Two hours later, 
I liberated it at the exact spot at which I had come 
across it. This time it took a northerly direction, 
and arrived at the foot of a wall. Led — or thrown — 
back several times to its point of departure, it returned 
always towards the north. 

In the course of experiments, 1 established the fact 
that the dryness or humidity of the soil plays no part 
in the phenomenon By moistening at certam points 
the ground over which the caterpillar was moving, 
1 induced no appreciable reaction. Encounter with 
a tract of ground strewn with debris of straw or grass 
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produced a more noticeable effect ; the caterpillar 
was not attracted to, but retained by it. Taking 
account of this fact. I transported the animal to the 
western edge of the path, placing it in contact 
with grasses and straw. Immediately, abandoning 
the northern direction, it proceeded towards the 
west. From this time onward, as often as I 
earned it back to the middle of the path, it 
started invariably towards the west, in spite of 
all my efforts. In short, as I have noted above, 
everything took place as if the ammal startmg in any 
given direction found itself, by virtue of this fact, 
polarised. 

I have since repeated the same experiment with 
caterpillars of Bombyx rubt met with on the roads, 
and have constantly obtamed analogous results. 
By gmdmg the caterpillars with the end of a stick, 
one succeeds in turning them aside, but immediately 
they are left to themselves they resume the original 
direction. 

Finally, I quite recently worked in the laboratory 
with a scorpion (Buthus occitanus), under more rigorous 
conditions The results agree with the precedmg 
ones. The Arachmd was placed at one of the ex- 
tremities of a long table, the room bemg lighted by 
two powerful lamps, one on each side. The animal 
set off in a certam direction ; led back to the pomt 
of departure, it persistently resumed that direction 
The two lamps were extmguished alternately without 
modifymg the result. It was only after havmg caused 



73 HOW ANIMALS FIND THEIR WAY ABOUT 

the scorpion to effect a forced journey by guiding 
It with a stylet that I succeeded in making it take 
the reverse direction. What was the cue by reference 
to which the scorpion changed position > Perhaps 
it was the edge of a cloth turned back on the half of 
the table , in any case, it was not a luminous cue. 
The principal interest of these experiments with cater- 
pillars or scorpions is that these animals, so per- 
sistent in moving m a given direction, are not subject 
to any attraction comparable with that which might be 
considered to animate a nest-building Hymenopteron. 
W’e have to do with a process w'hich seems very wide- 
spread, and which corresponds very probably to the 
registration of a cue imposing a certain direction on 
the animal, whether or not this direction leads back 
to the point of departure. 


To return more precisely to the ants, it is needful 
to state that the resumption of the general direction, 
in spite of Its importance, is, however, not all that 
IS mvolved. This “ general direction ” is not 
necessarily that of each of the sections of the journey, 
and, when the outward course is effected by following 
several directions perpendicular to one another, the 
ant takes on reversing at the moment of return, the 
direction of the last section of the outward journey, 
which does not of necessity coincide with the direction 
of the nest. 
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Must one admit for the ant which moves from 
place to place a " sense of described angles ”, more 
or less comparable with the “ sense of attitudes ” ? 
This hypothesis, advanced by Cometz and Santschi, 
is not based on any positive fact Undoubtedly, 
when an ant mounts a movable disc, which is then 
rotated through 90°, the insect executes a rotation 
of the same amount m the reverse direction. But 
that in no way demonstrates the existence of a sense 
of described angles. We shall see later that the re- 
taking of the direction depends on a cue external 
to the ant, often on a lummous cue. The hypothesis 
cannot be retained. 

Must one thmk of muscular memory, and consider 
that the insect returnmg in the general direction 
estimates the distance to be traversed, and after 
having travelled a certain length, stops approxi- 
mately in the region of the nest, and at its level ^ 
Kmaesthesis would explain equally the parallel 
return and the halt at the nest. 

The hypothesis, as a matter of fact, is founded 
on actual observation and on experiment. The 
observation deals with the parallelism of the return 
journey m relation to the outward one, a parallel- 
ism which is sufficiently rigorous on the whole, even 
for short-sighted species such as Messor. To this 
estabhshed fact is added the classical experiment 
of Pi^ron Suppose a Messor barbarus is going 
towards its nest at a slow pace. Before it (hg. 2o) 
let us place a piece of paper covered with earth ; 
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once the Messor has embarked on this movable 
platform let us displace it laterally several centi- 
metres. The Messor continues its journey, and, 
when it has covered a dis- 
^ tance equivalent to that 

which separated it from the 
nest at the moment of 
lateral displacement, it stops, 
t manifestmg at times a cer- 

tain hesitation Similarly, 
if we transport the mov- 
able platform beyond the 
:;;:j •• • cn nest, in a S3mmetncal posi- 

I tion, the Messor proceeds 

further away from the nest, 
and halts at a correspond- 
ing distance to that wliich 
. separated it from the en- 

' trance at the moment of 

removal. 

It would seem that the 
conditions of the experiment 
exclude olfactory and tac- 
tile cues, since the ant finds 
ground, but 

^edraa sheet of i»per, is (Jo not necessanly ex- 

transported some distance •' •' 

(following the direction of the dude Visual ones. The ex- 

perunent does not always 
succeed with ants which move rapidly and have 
good sight, Formtca ctnerea for instance. With 
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them, transporting occasions a violent agitation. 
Nevertheless, it is proved that washing the ground 
and the mterposition of obstacles fail to turn these 
same ants from the track, a fact which forbids the 
suggestion of smell or touch. Amputation of the 
antennae and varnishing of the eyes, however, cause 
immobility, a result which cannot be entirely 
neglected. 

The positive result of Heron’s experiment never- 
theless remains. It has received confirmation from 
Cometz with this additional information that 
the progress is slower, more hesitating and more 
winding after transport. Santschi, also, has ob- 
served similar facts, and he too admits the existence 
in ants of an " estimation of distance ”. He has, 
however, not always obtained concordant results. 
In certam instances, the transported ant halts after 
having gone half the distance it would normally 
have travelled According to Santschi, it is not a 
question of a memory for attitude, since the return 
is carried out often with a burden which involves diff- 
erent attitudes from those involved on an unencum- 
bered journey. He admits, though, XYaX previous returns 
leave a memory of effort accomplished and of distance 
covered in known territory To muscular effort are 
then added cues of another order In addition the 
experiment of lateral or S5nnmetrical transportation 
does not succeed with blind ants ; neither does it 
succeed with those endowed with sight when the 
use of light cues is impossible. Brun further proves 
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that the experiment fails when the transportation 
places the ants on dtssimtlar terntory. 

From this mass of experimental data it emerges 
clearly that kinaesthesis does not under the circum- 
stances play the predominant role In all proba- 
bility, for the ants, as for flying Hymenoptera, 
kinaesthesis is established secondarily in the course 
of several journeys back and forth ; it is a process of 



Fig 21 — Lubbock's arrangement for the anal>’sis of the cues 
guidmg ants 

substitution and not a process of immediate regis- 
tration of cues The question is certainly more 
complex ; other cues come into play. 

The influence of light cues was long ago invoked 
by Lubbock, who brought it into evidence by means 
of two series of experiments The first consisted 
m making use of a movable board on which some 
ants [Lasius ntger), were induced to walk about. 
On the board a tunnel was arranged (fig 21, b), under 
which the insects passed ; two rows of wooden blocks 
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lined a path at the end of which food was placed 
(a) Once the way was known, the arrangement 
was altered, the board retmning the same direction 
(fig 22). The ants no longer went under the timnel, 
nor between the double row of blocks, but pursued 
the same du-ection as before relative to the board. 
Repeated several times under diverse forms, notably 
after removal of the tunnel (figs. 23, 24), the expen- 





Fig aa — b, d, r, direction followed by the ants when the 
tunnel and blocks are moved 

ment gave the same result. The displacement of 
material cues did not modify the course of the ants ; 
they went always to the same point on the board. 
It was not then the immediately surrounding objects, 
the tunnel and blocks — objects on a scale with the 
ants — which guided them. But it may have been 
an olfactory trail, for the insects constantly passed 
over the same road. In order to test this last 
h5TX)thesis it was sufficient to move the board, when 
it was proved that the ants still took the same 
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direction, entering on a path that they had not 
hitherto followed. 

The second series of experiments carries with it 
a much greater precision. Lubbock used a disc 
composed of two concentric rings, each turning 


Fig *3 — ba, the 
line loliowed by 
the ants when the 
tunnel is removed, 
the blocks remain- 
ing in place 




Fig 24 — ba, the 
line followed by 
the ants when the 
tunnel is removed 
and the blocks dis- 
placed 


independently around an equally movable central 
disc (see fig ii, p. 54), and placed it beside an ant- 
nest ; he deposited a repast at B, in such a way that 
the ants were induced to come and go following 
the line AB. Whilst an ant going towards A was 
between E and D, the ring ED was turned through 
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180° ; the insect performed a rotation of equal 
value in the reverse direction ; then it resumed its 
journey towards A. What factors determined this 
rotation ? Did the trail marked out come into play, 
or the correction of the angle described ^ 

Let us recommence the experiment, covering the 
arrangement with a box, simply pierced on top by 
a hole which permits observation of the ants. We 
establidi the fact that 19 out of 30 individuals do 
not rectify the rotation effected whilst they are 
under the box ; they contmue on their way, returning 
thus towards the point of departure. The mtro- 
duction of the box into the arrangement of the 
experiment plays, then, an important part Mani- 
festly, the odorous trail does not suffice to lead the 
ant back in the right direction, and one cannot really 
speak of the angle described. 

Lubbock then formulated the hypothesis that 
the light guides the ants In consequence, he added 
two candles to the arrangement. If, under these 
conditions, he turned the ring on which the ants 
happened to be, while moving the candles in the 
same direction, the insects did not compensate for 
the angle described, but continued their journey 
in the reverse direction ; but if he turned the ring 
without moving the candles, the insects rectified 
the direction, setting out once more towards the 
same point. Finally, if he moved the candles while 
leaving the apparatus entirely stationary, five ants 
out of seven went the wrong way. 
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From these experiments the part played by luminous 
cues appears clear enough. However, as they were 
performed only with a single species, they are not 
sufScient. 

Viehmeyer” has confirmed them by study of 
another species, Leptothorax unifasciatus. Some 
individuals of this species had established their nest 
in a glass jar placed near a window. The nest at 
first occupied a central position The ants next 
established another on the side away from the 
window. While they were going from one to the 
other, changing the quarters of their larvae, the jar 
was rotated through 90° ; the ants, confused, followed 
a direction which led them away from the window, 
and heaped their larvae in a part of the jar where 
there was nothing. Were they repulsed by the light, 
and not merely guided by it ’ To settle this point, 
Viehmeyer installed a light on the opposite side from 
the second nest, and placed food beside it Once 
the habit was formed, he moved the light without 
touching the food, and proved that the ants modi- 
fied their direction by followmg the displacement 
of the light 

Working with 12 species. Turner arrived at con- 
cordant results Above an artificial nest, he arranged 
a platform connected with the nest by two strips 
of cardboard ; beside one of these he installed an 
electric light. On the platform he placed a handful 
of ants and cocoons ; the ants soon discovered the 
strip of cardboard next to the lamp ; they came 
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and went along it, carrying the cocoons to the nest 
The lamp was then moved ; the ants, disturbed, 
took to the other stnp. The movements of the 



insects were thus connected with the positions ot 
the electric lamp 

The phenomenon appears to be sufficiently general. 
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It is however connected with laboratory experi- 
ments, and it may be asked if they have any equivalent 
in nature. The idea that the sun might guide ants 
which move about in broad daylight should be 
entertained. But how can this be put to the test ? 
Santschi** performed, in this connection, the 
crucial experiment. Utilizing ants (various Messor 
and Myrmecocystus) which were returning to the 
nest, he interposed a screen between them and 
the sun, and then displaced the solar light sym- 
metrically by means of a mirror (fig. 25). Under 
these conditions, the ants wheeled through i8o“, 
and went in the opposite direction ; they resumed 
their original direction as soon as the mirror was 
removed. In a general way, the deviation was pro- 
portional to that of the light rays ; but it was less 
marked as the ant, approaching the nest, picked up 
collective odorous trails. These trails absorbed the 
insects, over which thenceforth the influence of the 
light was exercised with more feeble intensity. 

Other disturbing influences enter moreover into 
play, notably a very strong wind. In addition, the 
sun hardly ever acts singly , large well-lighted 
neighbouring objects serve equally as cues. The 
following experiment gives a precise example of 
this fact. A Messor barbarus is proceeding towards 
its nest ; in front it has the sun, to its right a row 
of sheaves for a distance of ten metres (fig. 26). When 
placed on the left, the mirror provokes a deviation 
of only short duration and slight width, a matter 
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of twenty centimetres, when the ant resumes its 
course without further deviation, in spite of the 
continued action of the mirror. When placed, on 



the contrary, between the row of sheaves and the 
ant, the mirror occasions a marked and lasting 
deviation. Evidently the row of sheaves, vmdly 
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lighted, serves concurrently with the sun as a guide 
to the Messor The sun's influence, however, seems 
undoubted. It can thus be very well explained how 
it IS that ants following a collective trail continue 
on their way after destruction of the latter In 
addition to the olfactory cue which guides them, 
they register a luminous cue, which comes into play 
when the former fails. Isolated ants receive ol- 
factory cues only in the immediate neighbourhood 
of the nest ; visual cues direct them during their 
return journey 

The intensity of lUummation, furthermore, should 
enter into the reckoning Even when filtering through 
clouds or trees, the sun w'ould perform the office of 
guide by the simple effect of unequal radiance. It 
suffices for the direction of the rays not to be per- 
pendicular. If the sun is at the zenith, it obviously 
gives no direction to an ant movmg along a horizontal 
plane. 

By way of counter-experiment, Santschi demon- 
strated that ants with dayhght habits are completely 
disonented when the light is suppressed. An ant 
going towards its nest was covered very gently by a 
basm measuring 40 centimetres in diameter and 
30 centimetres in height, perforated at the base by 
an opening of 4 centimetres. Confused, this ant 
turned in a circle on itself, finishing by attammg the 
edge of the basm, then by getting out ; once out- 
side, it continued its direction. Does the confusion 
result simply from the action of the basm in serving 
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as a closed vessel, or from all the other causes due to 
the presence of the basin ^ But if the ant is covered 
with a bell-]ar, no disturbance is provoked , under 
this, it persists in its direction. 

An objection nevertheless suggests itself. The 
relative position of the sun changes, and in such a 
way that the ants could be led in the opposite direction 
from their course Now, observation shows that 
many ants such as Polyergus go out at fixed times, 
and their absence lasts a cohiparatively short period, 
so that the relative piositions of the sun on departure 
and return are not essentially different. Deviations, 
furthermore, are not at all rare, and one may count 
a number of strayed individuals. Brun’s experiment, 
reported above, shows exactly how the change in 
position of the sun induces a change of direction 
(see fig. 13, p. 57). 

It can then be held as certain that the sun serves 
as a guide to ants movmg about in full dayhght. 
But there are some which, even though possessed of 
eyes, go out only in the evemng. What then are 
their cues ? Santsclii is of the opmion that they 
are luminous ones, the moon or the stars, or that 
obscure radiations are perceived. He bases these 
hypotheses on the foUowmg experimental data : 

A Myrmecocystus btcolor was returning towards 
its nest at 8 p.m., “ after the sun had set, carrying 
booty. 15 metres from the nest the antennae were 
cut off. The dropped booty was not recovered ; the 
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insect wandered about, finally departing towards the 
nest, walking straight ahead in spite of the darkness.” 

Several analogous experiments give the same 
result. If, by way of counter-experiment, the eyes 
are varnished while leaving the antennae intact, 
it is found that there is a lengthy wandering, much 
more prolonged than if the antennae are cut and 
the eyes left free ; and if the antennae of these blinded 
ants are cut off, there is occasioned either immobihty 
or rotation in one place. 

The r 6 le of sight then seems hardly to be disputed. 
Nevertheless, one cannot assume m this case the 
h3rpothesis of obscure radiations or of sideread cues. 
Without calling on such an hypothesis, it is sufficient 
to state that night does not exclude the possibility 
of objects ais visual cues, a fact brought into evidence 
by Santschi for ants moving about during the day.‘ 

Whether it is a question of diurnal or nocturnal 
ants, it must be asked how these cues are utilized. 

The facts already known permit us to estimate 
this to a certain extent. 

Cometz, for example, captured a Myrmecocystus 
on the confines of the nest, and transported it to 
D (fig. 27). As soon as it was on the ground, the 
ant started off, walking with rapidity, and describing 
various loops. Suddenly, at Ci, it took the direc- 
tion of the nest, proceeding in a straight line. It 
was captured afresh at Pt, at the moment of arrival 

> A number of nocturnal ants follow eapectally collective paths . 
and this is the rule for blind ants 
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at the nest, and placed down at on the very track 
which it had just traversed from Ci. It set off at 





Fig 27 — UtiUxation of sensory cues N, nest . Pi, Pz, Pi, P4, 
points at which the ant was captured . D, h. It, li, points where 
set at liberty, Ci, Cz, Cj, C4. points where the direction of the 
nest was taken (after Comets) 

hazard, describing zigzags away from the nest, 
then, arrived at Ct, turned suddenly about and 
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advanced towards the nest. The experiment was 
performed a second time; captured at P*, and set 
down at 7, on the path it had just been traversing, 
the ant moved away from the nest making a wide 
circuit and, having arrived at C,, took the straight 
line towards the nest. Captured a third time, at 
P,, and released at 7„ on the line it was following, 
it moved on without fixed direction until the moment 
when, arrived at G, it set out plainly in the direction 
of the nest. 

Thus aU occurs as though the ant registered various 
cues in the region inhabited by it These " known 
places” are naturally much more numerous as the 
nest is more nearly approached Cometz thinks 
that they constitute so many isolated cues, which 
are associated with the previously taken direction. 
The sum of acquired facts, for the ants as well as for 
the flymg Hymenoptera, calls rather for another 
interpretation. 

Though it IS probable that an ant, actively movmg 
from one place to another, registers a certam direction, 
this is a relation registered in regard to a certain 
cue ; it will with difficulty be accepted that the 
direction exists independently, and that an ant 
transported separately retains this direction. In all 
probability, the cues are not thus registered in 
isolation but in relation to one another and to 
the nest ; as they are consecutively coimected in a 
certain manner, encounter wath one of them suffices 
to evoke the succeeding ones. 
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Such is, moreover, the opinion of Brun. He observed 
that ants captured at the nest and carried no matter 
where, often knew where they were immediately ; 
others at first turned about and sometimes ended by 
finding themselves. They behave, then, in opposite 
wa3rs under similar circumstances where, havmg 
undergone passive transport, they have been unable 
to register the least direction. This observation 
suffices to eliminate the h3^thesis of the registration 
of a '* pure direction External cues alone intervenei 

Puttmg on one side the sim, whose mdubitable 
r 6 le is nevertheless not exclusive, what then are 
these cues? An experiment of Santschi, previously 
reported (page 82), leads us to think that the ants 
register the image, not of small objects on their own 
scale, but of large ones, such as a row of sheaves. 
This observation finds confirmation in a series of 
others by the same author. 

A Messor barbarus inhabited a nest two metres 
to the south of a large vrall ; transported parallel 
to the wall, in a southerly direction, it manifested 
no confusion in orientation. But if carried ten 
metres from there to the north of another wall, it 
was disoriented and often lost. The first wall played 
then, very probably, the part of a fixed and constant 
cue. 

A nest of Camponotus maculatus was situated at 
the foot of a date-palm. If some individuals were 
carried two or three metres away from the palm, 
they returned always without hesitation ; but they 
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showed momentary disorientation on descending to 
the bottom of a furrow, which decidedly hid the 
tree from view. 

Santschi, furthermore, established that the mirror 
experiment succeeded indifferently, as in the case of 
the sheaves, when performed m a 
courtyard or near a wall. 

To these facts Brun adds others 
no less significant. Two columns, A 
and B, of ants (Formica rufa) pro- 
ceeded parallel for a distance of 4 
metres (fig 28). An individual 
earned from A to B turned imme- 
diately towards A and resumed its 
original orientation. Now one is un- 
able to invoke here the kinssthetic 
sense, smee the ant had been carried ; 
nor smell, since the two columns 
belonged to the same formicary ; 
nor lighting, which was the same ; nor any unknown 
sense whatever, since the direction did not change ; 
one is forced then to admit distant visual cues which 
differed for each of the two columns by reason of 
the distance separating them. 

The same conclusion emerges from experiments 
which consisted in directing the course of an ant, 
provoking what Brun calls a forced journey (marche 
forcie). With a straw or the finger, Brun chased 
an ant from the nest, and obliged it to follow a 
certain path. When the path was simple, comprising 



Fig 28 — Trans- 
fer of an ant from 
the left to the 
right column 
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a single direction for a length of from 5 to 10 metres, 
the ant, as soon as it was set free, started back 
towards its nest in the most direct line. If the path 
was rectangular, for a length of 17 metres m two 
directions, the return was promptly effected by the 
hypotenuse ; the point to which 
It was led by forced progress was, 
moreover, not known to the ant, 
since, if transported there pas- 
sively it did not re-find its way. 

Does the ant register an 
image of the " polygon ” de- 
scribed and of the compensation 
to be effected ’ This would be 
to ascribe to the insect the 
capacity to solve an and problem 
of planimetrj', and one should 
think rather of visual re-orien- 
tation by some large object 

„ , l-'io 2() —Return of 

By varying the experiment on an ant after dispiace- 

forced progression more precise 
information is obtained on this 
point. Let us oblige an ant to follow an angular track, 
34 metres long, on which there is a tree at A (fig. 30) ; 
as soon as the ant is released, it turns back ; but 
instead of taking the hypotenuse as in the preceding 
case, it first follows a return track parallel to the 
outward one as far as the point A. Arrived there 
it abandons the direction of the outward path, and, 
cutting the shortest way, takes the hypotenuse. There 
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is no doubt here that the tree is a landmark 
definitely associated with the position of the nest 
By way of control, Brun provoked forced pro- 
gression in ants blinded by varnish, or in short- 
sighted ants. Liberated, 
A the first did not re- 
turn ; as for the second 
{Lastus ntger, Myrmica 
Icsvtnodts), their returns 
were lacking m pre- 
cision, having a lateral 
displacement reachmg 
up to 30“ for rectihnear 
outward journeys ; for 
angular paths, the re- 
turn, at first diagonal, 
tended to become 
parallel; it termmated 
in excentnc turning. 
Lasius ntger, whose 
eyes possess about 180 
facets, arrived at length ; Myrmica Icevinodis (105 
to 115 facets) turned mdefinitely. 

If, for ants with small eyes, large objects do not 
play a part of the first order in the conditions of 
the experiment, they are essential for ants possessing 
well-developed eyes. Cues of another order enter 
in also, notably the slope of the ground. Brun shows 
this by the following experiment effected with 
Formica rufa, whose sense of smell is very reduced. 


r 


Fig 30 — Return of an ant after 
displacement on a forced journey , 
A, a tree. A, nest 
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The nest was arranged on a table, at the centre of 
which was some honey ; the table was then inclined 
20° towards the nest. While the ants were at the 
honey, the inchnation was reversed, m such a way 
that the nest was at the top of the slope ; on leaving 
the honey the ants displayed a slight hesitation, 
then descended in the opposite direction from the 
nest. 


Thus, as far as the ants are concerned, orientation 
is effected by means of a complex of multiple elements, 
some or others predominating accordmg to circum- 
stances Olfactory cues predominate for individuals 
proceedmg m columns, but visual cues intervene 
when the trail happens to be accidentally destroyed. 
As for isolated ants, they follow simultaneously 
visual cues of various kmds— light and large objects 
— closely associated, and connected in addition 
with features of the ground, notably with the slope. 
Every cue is associated with all the others, but also 
with the topographical position of the nest, so that 
m the absence of any one among them, the others 
constitute a sufficient guide. These cues, however, 
are not linked in the memory of the ant in such a 
way that it need be obhged to pass from one to the 
other. For the ant, the road is not lined with a 
series of successive steps, so closely bound together 
that o le evokes necessarily and exclusively the 
next As in the case of the flying Hymenoptera, 
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all takes place as if the ant registered a whole, in 
complete relation with the position of the nest, and 
registered in such a way that it is able on return 
to neglect zigzags and take the shortest route. In 
the long run. the return perhaps becomes a matter 
of kmsesthesis and appreciation of distance, at least 
from a determined point, and at a given distance 
from the nest. 

Without a doubt, in all cases, the ordinary sensory 
cues are the sole factors entering into account The 
explanation of the return to the nest in no way leads 
us to assume the existence of any unknown sense, 
which would merit the name of sense of orientation. 
Experimentation gives evidence solely of a special 
process such that the insect takes the reverse, inde- 
pendently of visual, olfactory or tactile cues, of the 
direction followed on the outward 30 umey. Certamly 
It mdeed seems as though it actually registered a 
“ direction ”, but it rasters it, according to all 
probabihty, by reference to the object on which, or 
before which, it finds itself. This registration, more- 
over, does not seem peculiar to nest-building and 
social insects. 



CHAPTER IV 

ORIENTATION IN OTHER INVERTEBRATES 

'"T^HESE conclusions, common for il3nng and 
walking insects, extend equally to all In- 
vertebrates on which experimentation has been 
possible. 

I. — TERMITES 

The termites, notably Eutermes monoceros, studied 
from this point of view by Bugnion behave 
hke ants proceeding in a column Absolutely blind, 
these insects display an activity which is partly 
nocturnal and partly diurnal , they come out at 
night and return in the morning They move about 
in regular ranks, every individual leaving a blackish 
trail ; the troop follows alwa5rs the same path. If 
this is swept, the termites are completely disoriented ; 
an indubitable olfactory cue seems to play the sole 
part. 


2. MOLLUSCS 

Various molluscs have formed the subject of 
sufficiently detailed studies The limpets, manne 
Gastropods which live singly, occupy a special 

95 
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site on the rocks ; they leave this at times, go and 
browse on the neighbouring algse, and then return to 
their point of departure. This is exactly localized. 
It is a depression, very little marked on hard rock, 
but very visible and constituting a veritable nest 
on rocks of soft substance. The contours of the 
depression are closely adjusted to those of the shell. 
The adjustment results from the fact that the mollusc 
hollows out the rock by scraping with its radula, 
and that the edge of the shell, as it grows, moulds 
itself on the contours of this depression. Should 
the edges of the shell become broken, they regenerate 
rapidly, always following the contour of the " nest 
In consequence, not only does the limpet possess a 
fixed site, which it returns to re-occupy when it has 
been away, but it always takes the same relative 
position on this site. 

Limpets move abroad periodically, and their 
displacements are of an alimentary order. This fact, 
established by Aristotle, and confirmed by Reaumur, 
has often been venfied smce. The displacement is 
often effected on dry land, at low tide, and according 
to the statements of Lloyd Morgan Davis “, 
and Pieron*', it can reach a length of 90 centi- 
metres : but it is also earned out under water at high 
tide (Jeffreys “, Gemmil “, WiUcox «, Pieron). 
Everything depends on the prevailing conditions, 
and notably on conditions of humidity , the limpets 
move about at low tide only in sufficiently humid 
circumstances. 
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The fact of displacement under the water at high 
tide is worthy of emphasis. It destroys, in fact, 
the utilitarian explanation sometimes given to 
account for the existence of a nest. According to 
this interpretation the nest would, by means of its 
contours adjusted to those of the shell, permit the 
mollusc to adhere very strongly to its substratum, 
and to resist violent shocks of the waves. If such 
were the case, the mollusc ought not to leave its 
nest at high tide, since it is precisely when it is 
moving about that it would run the nsk of being 
dislodged from its shell and tossed about But it 
is known that the limpets adhere very firmly to 
their substratum and all the more firmly when they 
undergo shocks The musculature of their foot 
sufi&ces to ensure this, without the necessity for 
the edge of the shell to coincide with the contours 
of a rock depression. This circumstance renders 
problematic the utihty of the nest for the limpet, 
and gives a very general significance to the phenomenon 
of orientation. 

However it may be the “ nest ” exists ; the limpets 
leave and return to it ; they return constantly, and 
each time re-adjust themselves to the contours of 
the depression. The fact was observed by Lukis 
as far back as 1831, and has smce been seen again by 
Hawkshaw (1878), Ainsworth Davis, Lloyd Morgan 
and Pieron The path of return is identical with 
that of the outward journey ; when the mollusc 
ceases feedmg, it veers round 180° in relation to the 



98 HOW ANIMALS FIND THEIR WAY ABOUT 
direction of the outward journey and starts o£E 
again, whilst its tentacles beat constantly as if they 
were exploring the route. 

Olfaction cannot be advanced as a cause ; the 
cutting of the tentacles and the washing of the track 
effected by Davis neither hindered nor confused 
the return. On the contrary, the experiments of 
Pi^ron bring out the role of touch An obstacle on 
the path of return determines first of all a halt, then 
lengthy waverings to right and to left, and when 
the limpets finally pass it is at the end of one or 
several hours By scraping the path over a certain 
length there is provoked similarly a halt and pro- 
longed waverings ; the crossing of the altered space 
takes place only after a very long time 

The modification of the ground suffices then to 
disorient the molluscs, and such modification can 
only affect tactile cues. However, no special im- 
prmt is noticed ; and one must particularly reject 
the hypothesis that the mollusc traces a path on 
the outward journey by means of its radula, and 
follows it on return What the mollusc registers 
are rather the various features of the surface over 
which It moves. 

These same cues, moreover, seem to come into 
play when the animal, having regained its nest, 
fits the contours of its shell into those of its site. 
If the fitting exacted, for its carrying-out, that 
the parts adjusting themselves should both be intact, 
one would have to admit a strictly mechanical 
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process. But it is in no wise the case ; the limpets 
resume their place exactly, and orientate them- 
selves in identical fashion, even if the edges of the 
shell, more or less broken, no longer coincide with 
the interior contours of the nest, provided the latter 
remain intact. 

If they are not intact, what happens? It all 
depends on the part which is modified. If the cir- 
cumference only is affected, so that fitting of the 
shell is no longer possible, the limpets none the less 
take their exact position The position is similarly 
taken if the deformation affects half the site, the 
other half remaining unaltered , or if, the circum- 
ference not having been touched, the centre is 
demolished. Bnefly, the position is always resumed 
when the site is partially intact. When it is entirely 
altered the limpets halt, approxunately at the place 
their nest formerly occupied ; but they do not resume 
their habitual piosition 

Tactile cues, recognized perhaps by the pallial 
tentacles, or by the sole of the foot, can then hardly 
be doubted. Nevertheless, since the limpets find 
their nest site, at least approximately, even when 
this site is entirely confused, cues of another order 
necessarily enter into play In effect, observation 
shows that the hmpets register, besides the images 
closely confined to the path traversed, other images 
bearing on the immediate or nearly immediate 
surroundings of the nest. If, for example, several 
individuals are earned a distance from the nest. 
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varying between 4 and 20 centimetres, and in divers 
directions, some of them regain the nest site and the 
number of these seems proportional to the distance. 

Thus : 

Ont of 6 limpets placed 4 centimetres away, 5 regamed the nest, 
„ 9 „ between 10 and 30 „ „ 2 „ „ 

results very comparable with those which are ob- 
tained for the Hymenoptera. Of course, it is possible 
that the images registered may be tactile images. 
Further, as a limpet cannot browse indefinitely on 
the same Algae, it learns perforce to know from a 
tactile pomt of view the surroundings of its nest 
within a certain radius. 

Nevertheless, it apparently also registers visual 
images. The following experiment furmshes an 
indication of this. Whilst a limpet is moving about 
on an entirely smooth schist boulder, the latter is 
turned through i8o° ; the ainimal halts immediately, 
remains motionless for two minutes, then makes a 
half-turn, and resumes its initial direction. Re- 
commenced a second tune, the expenment gives the 
saime result. 

The slope of the ground aiso exercises an influence, 
as in the caise of the ants. If, whilst a limpet is 
descending a schist boulder, the inclination is reversed 
by turning it 180° on its horizontal axis, the mollusc 
hadts, then turns round and resumes the movement 
of descent. This influence is exercised very strongly. 



ORIENTATION IN INVERTEBRATES loi 


and dominates that of the light. Thus it happens 
that a limpet descending a slope inclined 25° to 
the horizontal, with the sun behind, halts when the 
inclination is reversed, then wavers a little, «ind finally 
turns round and resiunes its direction. 

Tactile cues of course predominate incontestably 
in the limpets’ return to the nest. And this is in 
keeping with the mode of organization of the animal, 
which effects close relations with its substratum 
by means of its pallial tentacles and the sole of its 
foot 


3 — VARIOUS OTHER MOLLUSCS 

Other moUuscs, the Calyptr/ta studied by Pi^ron, 
the Stphonarta {Stphonaria aUemata) and the 
FtssureUa {Ftssurella barbadensis) studied by Willcox, 
the Helcion {Helcion pcUwxiwm) studied by Pieron, 
have also a fixed nest site from which they rove at 
mtervals, and which they re-find probably by the 
aid of tactile cues. 

Similarly, the Chiton studied by Crozier *» leaves 
its nest, sometimes going to a distance of one and a 
half metres. It seems to be guided by the light ; in any 
case its return is, in some measure, connected with the 
distance. If transjxirted beyond about one and a half 
metres, it does not return, but adopts a new home. 


Thus, all the Invertebrates which have a “ nest ”, 
and which leave it, utilize sensory cues comparable 
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with one another. According to the species and 
the conditions, these cues are visual, olfactory, 
tactile, baraesthetic or kinaesthetic, but all are of a 
sensory order. They correspond to the registration 
of images taken from the external world, and exist- 
ing within the domain of man’s apprehension. 
Nothing leads us to suppose that anyone whatever 
of these Invertebrates makes use of images corre- 
sponding to a sense-organ peculiar to it alone, and 
to stimuli to which it alone can be sensitive. 

It now remains to examme how the Vertebrates 
behave in this respect. 



CHAPTER V 


ORIENTATION IN THE VERTEBRATES 


"PARADOXICAL as it may seem, as far as 
the Vertebrates are concerned, we possess 
far fewer sure data than for the Invertebrates. 
Experimental research encounters various difficulties, 
and has hardly been pursued in a really systematic 
fashion. Too often, the assertions made on the 
return of Vertebrates to the nest, proceed from 
observations made without ngorous control, mter- 
preted by the help of preconceived opinions, or of 
superfluous hypotheses which the observer takes 
for facts. And, defimtely, the most precise informa- 
tion we possess on the phenomenon of orientation 
in the Vertebrates, is that which we deduce from 
results obtained by research on the Invertebrates.* 


I It 18 convenient to state here, m order to show the diversity 
of process, the way in which certain spiders, notably Argiope 
bruenntcht, which I have specially observed ", regain the web, 
which they left at the moment of laying The spiders m general 
move afield unroUing a thread fixed to &eir web , this can easily 
be demonstrated They proceed m the same way whatever the 
distance which separates them from their pomt of departure 
Then they take up the thread in the reverse direction Nothing 
is simpler It is merely necessary to remark that this return offers 
no advantage to the spider, smce it respms its web constantly, 
and the place where it spins this has not the least importance 
The Argtope builds its nest at a distance , once constructed, it is 
abandoned. The spider could, having laid its eggs, set up the web 
103 H 
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Certainly it is not a question of drawing conclusions 
from one to the other ; too considerable a distance 
separates them. Nevertheless, no difference in kind 
exists between them, and the fundamental resem- 
blances which connect the nervous S3^tems of the 
various aiiimals permit, at least, comparisons which 
may be suggestive. 

At the outset, a distmction must be made In 
many Vertebrates the phenomenon of migration 
IS observed, and it is necessary to avoid confusmg 
this with orientation The confusion is quite often 
made, and various observers have attempted to 
" explam ” the second phenomenon by the first. 
The explanation consists in saying that migration 
depends on an “ hereditary topographical memory ” 
of which orientation would be a residuum. That 
migrations mvolve an hereditary memory, it is 
claimed to demonstrate by the foUowmg observa- 
tions, taken from Gaetke •• In 328 species of migra- 
tory birds observed, it was found that the young 
left the region in which they were bom six to eight 
weeks before the parents, and directed themselves 
exactly towards the regions these latter would 
shortly afterwards regain. The observation is cer- 
tainly exact , but the interpretation goes beyond 
the facts, and proceeds from faulty anal3rsis. 

no matter where, under similar conditions , however, it returns 
to the previously abandoned web Nothing proves, moreover, 
that this return is constant , without doubt it comes about that 
the thrrad attached to the spinnerets is broken at the time of 
manufacturing the egg-sac 
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What is migration ? It is a periodic displacement, 
seasonal or otherwise, under the incontestable influence 
of stimulation from the surroundings — temperature, 
lUummation, hygrometric state, etc — and may be 
a function or not of ph5reiological states These 
stimuli affect the young equally with the parents, 
perhaps with even greater mtensity. In consequence, 
the young behave as the parents do, and in- 
dependently of them Furthermore, since they set 
out from the same region as that from which the 
parents will later set out, all the chances are in 
favour of their arriving at the same destmation, or 
m Its neighbourhood As for the parents, not only 
are they subject to the same stimuh, but m addition 
they have registered local cues, so much so that, 
brought back to a given region, they return often 
and very exactly to the same spot It is from the 
moment that the birds approach a known region 
that migration and orientation comcide, or rather 
that orientation is substituted for migration. Up 
till then the phenomenon consists less in returnmg 
to a point of departure than m leavmg a region 
become uninhabitable. Migration and orientation 
remam entirely distinct. 

I. — THE CARRIER PIGEON 

The earner pigeon has formed the subject of the 
majority of pubheations treating of orientation in 
the Vertebrates. To tell the truth, these publications 
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contain for the most part data mainly gathered 
without method and difficult to utilize. And if the 
remainder are less subject to the need for caution 
very few furnish complete results. 

All these very disparate data group themselves 
around two principal facts : 

(а) The pigeon regams the cote even when trans- 
ported to a great distance , 

(б) It regains the cote even if it has never 
accomplished the outward journey by its own efforts. 

To account for these facts authors are separated 
according to four principal tendencies • 

The pigeon is considered to onentate itself by reason 
of a magnetic or electro-magnetic sensibility ; 

It takes on the return the reverse of the outward 
journey ; 

It possesses a special sense entirely sui genens ; 

It utilizes ordinary sensory cues. 

A. — The hypotheses 

A first hypothesis, the existence of a magnetic 
sense, formulated primarily by Viguier, has been 
developed by Thauzite, notably in 1909 “. It 
attracts a considerable number of pigeon fanciers. 

Thauzifes rejects the idea that the pigeon might 
conserve the memory of places, and be guided by 
visual cues. He bases his denial on various con- 
siderations. 
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If, he says, the pigeon made use of such cues, it 
coiild see them only by rismg very high at the moment 
of release, and all the higher m proportion as the goal to 
be reached is further away. Sometimes it would need to 
rise to a height of several kilometres Now, the pigeon 
mounts, on a maximum, to a height of 300 metres. 

In the second place, when the apprenticeship 
begins, and when for the first time the pigeon is 
released 2 or 3 kilometres away from the cote, it 
rises and turns for some time, for from 5 to 15 minutes, 
as if it did not see the nearby cote , and very often 
it departs in the wrong direction. The ‘‘ hesitation ” 
dimmishes at the second release, effected 3 or 4 
kilometres further away. It hardly exists further 
at the fifth release, at a distance of about 40 kilo- 
metres. The pigeon can then be sent to a distance 
of 100 kilometres, then to 250 ; it can finally be 
released in various directions : it returns in a straight 
line. If it has served its apprenticeship to the north 
of the cote, it returns even if transported to the 
south, and mce versa. Sight, concludes Thauzifes, 
hardly enters into all this, and it is necessary to 
think of some other factor. The author supposes 
that the pigeon directs itself by means of electro- 
magnetic currents. This amounts to sapng, and 
such is the author’s opinion, that the pigeon is a 
bird eminently sensitive to influences of this order. 

Do any indications exist in support of this 
hypothesis ? To tell the truth, the indications are 
reduced to vague assumptions. The influence of a 
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zone of storms or fog is said to be exercised at a 
great distance — 8o, loo or 200 kilometres — and 
to disturb the pigeons even if at the point of 
liberation the sky is clear Thus, some well- 
trained pigeons, released at Orleans m fine weather 
with a hght southerly wind, found their way badly 
They should have returned at mid-day ; ii only 
returned before night, and the rest the next day. 
It seems that a similar experience was had with all 
releases made the same day. Now, on that particular 
day, an abnormal electric situation was noticed, 
with magnetic storms on the Pic du Midi, that is 
to say, 1,000 kilometres away. In addition, every 
atmosphenc disturbance inappreciable except by 
very sensitive apparatus is claimed to disturb the 
pigeon, which is said to take much more time, even 
to the extent of double the time, to return. 

Fresh assumptions result from observations of 
another nature , the orientation of the pigeon is 
said to be more prompt in the morning than in the 
afternoon , it is said to be difficult when the release 
coincides with a change of the moon ; finally a 
pigeon left at rest for five or six months, then re- 
leased at a great distance, either does not return 
or returns slowly, even in a known region. 

All these accumulated conjectures hardly lead 
to certitude. Even supposmg that the enumerated 
influences act on the pigeon, nothing indicates that 
they serve as cues, or that the stated disturbances 
proceed from an action exercised d%recUy on 
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orientation. Moreover, Maurain”, taking up as a 
pure phs^icist, and without prejudice the h5^thesis 
of magnetism, shows its extreme weakness. First 
of all he remarks that magnetic storms are fairly 
localized, and that the pigeons could not be affected 
by them, unless possessed of an extreme hyper- 
sensibility. Now, the constituent substances of 
living matter are but httle sensitive to influences 
of this order, the magnetic field of strong electro- 
magnets having no more action on the Vertebrates 
thain on the Protozoa In addition, in large towns, 
and at times also in the country, the terrestrial 
magnetic field is disturbed by the electro-magnetic 
influences emitted by the electnc cables , the pigeons 
hardly appear disoriented. 

Nor is this all. If the pigeon possessed a " magnetic 
sense ” it would orientate itself in function of the 
magnetic declination, knowing the spot at which 
it finds itself. This is a difficult calculation ; and 
much is based precisely on the ignorance in which 
the pigeon is said to be of the places where it is 
released. Could the pigeon be sufficiently sensitive 
to magnetic variations to appreciate changes m 
declination and inclination? On what ground can 
It be supposed ? Besides the fact that the differences 
are slight and the magnetic field weak, the smallest 
magnetized bar being at least ten times stronger, the 
pigeon is msensitive to very strong magnetic fields * 

I As for electnc influences, they are so unstable in time and space 
that they cannot serve as landmarks. 
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There is hardly need to add an5rthing to these 
decisive arguments of Maurain, Let us mention, 
nevertheless, the experiment of Arcy, who furnishes 
confirmation. Some pigeons transported in a case 
were subjected, in the course of the journey, to 
magnetic, electric and calorific influences in such 
a way that they were unable to take cues from the 
analogous normal influences. Released in an unknown 
zone, 10 kilometres from the cote, these pigeons 
returned m twenty minutes Without doubt they 
could have traversed about 25 kilometres in the 
same time, but they had none the less found for the 
return cues quite other than magnetic ones 
The hypothesis of a magnetic sense seems, then, 
qmte improbable. Where, moreover, could the 
corresponding sensory organ be situated^ In the 
semi-circular canals? Would those of birds differ 
in this respect from those of other Vertebrates? 
For not all of these latter onentate themselves under 
conditions comparable to those which are known 
for the pigeon. To assume this would be to make 
a gratuitous hypothesis ; as it would also be to 
attribute this “ magnetic sense ” to tactile nerve- 
endmgs. To persist in the hypothesis of a magnetic 
sense is to run the risk of stultif3nng all research. 

Shall we find a solution in the theory of retrace- 
ment upheld by Reynaud " ? The theory consists 
in supposing that the bird registers all the directions 
followed on the outward journey, even in the case 
of passive transport, and that it takes, on the return. 
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an exactly superposed path in the reverse direction. 
The bird would then possess a sense of “ attitudes ” 
which would originate in the semi-circular canals ; 
the muscular sense would also intervene. 

No fact really exists in support of this hypothesis. 
At the present time, one is actually no longer able 
to attribute to the semi-circular canals any part m 
orientation. As Ewald “ and quite recently Koenig *• 
have shown they contribute to eqmhbratton, 
especially in relation with muscular tonus. Further- 
more, Watson ” points out simply that a pigeon 
transported in a basket and turned in all directions 
a great number of times, does not perform these 
movements of rotation again one by one, when it 
IS liberated. This reducho ad absurdum is sufficient 
m itself. 

Is it a question, then, of a “ special sense ", of 
a sort of mysterious property which would attach 
the pigeon to its cote? This is what numerous 
amateurs maintain. Fabre furnishes them an argu- 
ment which seeks to be decisive : the Cercerts 
orientates itself at a distance of 3 kilometres ; the 
pigeon IS 1,000 times bigger — it ought then to 
onentate itself at 3,000 kilometres . . . Apart from 
the fact that the Cercerts, without a doubt, makes 
use of visual cues, the reasoning carries with it its 
own refutation.' 

‘ Quite recently M Jean Casamajor “ has developed the 
idea that the earner pigeon may register as cues waves of a given 
length enutted m the region of the cote Sensitive to these waves, 
the pigeon would undergo their mfluence at a great distance. 
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B. — Sensory cues 

None of the theories advanced gives, then, the 
solution of the problem. The analysis of the facts 
must perforce be resumed, m the attempt to draw 
from them a conclusion, at least a provisional one. 

First of all, what is the carrier pigeon ? 

By reading diverse information furnished by the 
pigeon fanciers, one succeeds in forming for oneself 
a very precise idea on this point. If all pigeons 
are capable of retummg to then: cote when they 
fly some kilometres from it, not all are equally capable 
of orientating themselves at very great distances. 
In this respect it can be said that orientation is an 
individual accomplishment. Perhaps it depends on 
some quality of unknown nature ; m all cases the 
selection effected by the trainers is based on two 
definitely appreciable criteria : great muscular vigour 
and good sight. The muscular vigour permits 
journeys to great distances ; and does not good 
sight have for the bird a relation with the fact of 
scanning the landscape and registering visual land- 
marks? 

It is very necessary also to point out that " good 
sight " implies for a bird a possibihty of vision hardly 

Accordmg to M Casamajor, this special sensibility would be 
exercised by the mtermediary of the nerve-endmp of the inner 
ear. This hypothesis difieis appreciably from the old electro- 
magnetic theory , although it calls forth vanous objections, it 
cannot be rejected a pnon, and we must await the results of ex- 
periments m progress 
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imagined by man. In relation with ours, the visual 
acuity of birds is in general incomparable ; that 
of the pigeon ranks among the best. Without doubt 
there are marked individual differences ; but we 
must rest assured that selection is effected among 
animals whose sight is excellent. 

Given these two quahties the pigeon undergoes 
rearing and training ; it is habituated to travel 
distances and to find its nourishment in the course 
of the journey. 

The rearing is carried out. as we know, in succes- 
sive stages Is it purely muscular training ? The 
idea cannot be ehnunated that the pigeon at the 
same time acquires knowledge of places, without 
doubt over a sufficiently large area. Its sight ranges 
around and the images it registers are those of a 
landscape extending widely to right and to left, 
before and behmd. 

The trcdning fimshed, the pigeon regains its cote 
from whatever spot it may have been transported to, 
and even if it has never actively made the journey 
The fact is certain. The conditions of such returns 
must now be made dear They are effected better 
and more regularly the shorter the distance. Accord- 
ing to Dusoher**, who sums up a mass of data, 
pigeons taken to a distance of 1,200 kilometres return 
with great delay, a number of them not returning 
at all ; the same happens each time the pigeon is 
taken beyond 800 to 1,000 kilometres ; the optimum 
distance would appear not to pass 300 kilometres, 
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Various conditions hinder the return. Notably 
the pigeons lose themselves m tune of snow, and one 
can, with Gmbert, attribute this result to the change 
undergone by the landscape. Mist produces the 
same result. Accordmg to de Roo and other pigeon 
fanciers this result would depend on an electric 
disturbance. Electnc conductivity does, of course, 
dimmish in fog ; but the mterpretation neverthe- 
less does not seem exact, smce the mist has effect 
only in so far as it obscures the landscape. Thus, 
pigeons released at sea, in a fog, rise above it ; if the 
mist is limited to the sea and they can perceive the 
land, they onentate themselves. In these conditions, 
the part played by visual cues seems scarcely to be 
disputable. Schneider” furthermore recognizes that 
these cues are groups of houses, hills, small woods, 
etc., that IS to say, not details, but groups of objects 
visible from a great distance. 

However, a grave objection remams , released 
in an tmknown zone, the pigeons find their way to 
the cote. There are even cited truly remarkable 
facts of this order. Dusoher**, for example, reports 
the following : two pigeons raised at Paris and kept 
without training till the age of three and a half 
years, were taken to P^rigord. There they were 
shut up for a month Liberated at this time, they 
both regamed Paris in less than two days. This is 
a precise fact ; but it does not, by itself, authorize 
any conclusion. A very strict anal3rsis of this 
and of analogous facts, remains necessary. We 
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possess some data enabling us to proceed with this. 

The question poses itself in the followmg way. 
Will all the pigeons released m an unknown region 
return, and m what time will they do so? An 
experiment on a large scale made in 1895 furnishes 
information on this subject. 5,000 pigeons were 
released at sea, at distances 146, 200, 300 and 500 
kilometres west of Croisic The speed of the return 
diminished with the distance , it was from 75 to 
88 kilometres an hour for 200 kilometres, 60 for 300, 
and barely 40 for 500. The altitude of the flight 
increased with the distance from land ; it was 
sufficiently great, when the hberation was effected 
at 500 kilometres, for the pigeons to be invisible to 
the naked eye As for the number of returns, this 
diminished with the distance. Out of 1,500 pigeons 
released at 500 kilometres, 300 returned at the end 
of forty-eight hours ; the others were found scattered 
everywhere, in England, Spam, Portugal, Algeria, 
at Cape Verde, m Egypt, and in the Caucasus In 
short, return to the pomt of departure became a 
matter of chance. 

Another experiment, although of much smaller 
extent, is no less significant ; 8 pigeons, ignorant of 
the way, were transported from Antwerp to London. 
Released at 6 o’clock m the mormng, in fine weather, 
they turned about for a long time, and then flew 
off and had returned to Antwerp by seven in the 
evening, having taken thirteen hours to accomplish 
a journey normally requiring barely three. 
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The following experiment, due to Thauzi&s**, is 
also strongly suggestive. There were transported 
to Geneva 24 pigeons, stationed at Versailles, 38 
pigeons stationed at Gueret, and 8 pigeons stationed 
at Gannat. All had undergone training in a very 
different direction from that of the journey they had 
to accomplish. Here are the results : 

The 24 pigeons from Versailles were hberated at 
7.10 a.m. on the 6th of August ; 2 returned the same 
day at 5.46 p.m ; 9 returned on the 7th of August 
between 6 20 a.m. and 6 15 p.m. ; all the rest re- 
turned on the loth of August. 

Of the 38 pigeons from Gueret " about two- 
thirds ” returned the same day between 12 15 and 
12.50 p.m., and the rest the next day 
Finally, of the 8 pigeons from Gamnat, none returned 
on the day of liberating. 3 returned on the 7th at 
6.9 a.m , 7 12 a.m., and 12.50 p.m ; the others 
returned on the 8th at 7.57 a m , on the 9th at 3 p.m., 
on the iith at 4 p.m., and on the 12th at 10 a.m. ; 
the eighth did not return. Such results are suffiaently 
eloquent. Admittedly the counter-experiment, which 
would consist m taking all the pigeons back to 
Geneva and releasing them a second time, is lackmg. 
Nevertheless, this slowness of return hardly implies a 
very sure sense of orientation, and one conceives rather 
of birds wandering at hazard and finally encountering 
some landmark which puts them on the way.* 

*Th«Tizite emphaaues tbe difficulties of the journey by reason 
of the accidents of tbe land , but these difficulties seem very 
illusory. 
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To these experiments should be added that of 
Watson and Lashley with the terns •• Transported 
855 miles from their nest, these birds had returned 
at the end of from six to eleven days, in the 
proportion of three out of ten. At a lesser dis- 
tance visual memory seemed to play a preponderant 
roU. 

To sum up, the fact seems general. “ Good ” 
pigeons, well-trained, and released m an unknown 
region, when they return never do so within a normal 
time , and those which do return are those which 
have flown about the most, havmg thus multiplied 
the chances of encountering cues. 

These chances, of course, dimmish with the distance. 
If, for instance, there are liberated, 400 kilometres 
out at sea, pigeons trained on the hne Bordeaux- 
Nantes, the straight hnes from the pomt of release 
to the two termmi delimit an angle of about 45®, 
which represents an eighth of the circumference 
(of a circle) traced around the point of departure 
taken as a centre. Every pigeon has therefore one 
chance in eight of being in a known area. The more 
distant the point of release, the smaller becomes 
the angle and the more the chances dimmish ; they 
are augmented in the contrary case. 

There remains, however, one last objection, that 
of nocturnal flights. Once the sun has sunk, the 
pigeon does not fly spontaneously ; nevertheless, 
by means of special training one can succeed in 
making it travel by night. But the observers are 
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in no accord as to the conditions favourable to 
these journeys.” Some are of the opinion that a 
clear night is better than a dark one ; others postu- 
late exactly the contrary. The latter explam, 
with Thauzifes”, that the moonlight modifies the 
landscape, and thus confuses the pigeon. Is this 
not, at the same time, to bring in visual cues? 
These cues, moreover, are not lackmg ; even on 
a dark night, roads, rivers, stretches of water 
and various features of the land are perfectly 
perceptible. 

Nocturnal journeys, it may be added, hardly 
achieve a brilliant success. The flight is hesitating, 
and always quite slow, its speed varymg between 
460 and 600 metres per minute. Sometimes the result 
is qmte poor, such as the following, reported by 
Thauzi^s ; 125 paeons were released on a dark night 
at 6 p.m., one of them returned at 8.15 p.m , three 
others during the night, and the majonty the next 
morning at 9 o'clock. 

Fundamentally, the objection from nocturnal flights 
does not exclude the h5qx)thesis of visual cues, an 
hypothesis supported by the mass of accumulated 
data ; the utilization of these cues seems undeniable. 
They are doubtless not the only ones, and one must 
think notably of kmaesthesis. A pigeon framed for 
a certain distance registers very probably the effort 
accomplished ; it suffices that an incident dimmish 
this efiort for the bird to pass beyond the goal. This 
is what is produced when the pigeon flies with the 
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wind ; it goes beyond the cote and must then retrace 
Its course.” * 


2. — VARIOUS VERTEBRATES 

Besides the pigeons a number of other Vertebrates 
— birds or mammals — ^regain the shelter which they 
have left Apparently they make use of sensory cues, 
notably visual ones. 

Numerous “ facts ” would nevertheless tend to 
cause the admission, as for the pigeons, of the existence 
of a special sense, an absolute sense of direction. 
But it IS necessary to be on guard against accepting 
these " facts ” without senous control. Here are 
two cases in pomt. Yung ” learned that a young cat 
transported to a considerable distance (50 kilometres), 
was said to have regained rapidly its point of departure 
The case was too remarkable not to be checked After 
inquiry, it had to be recognized that the cat had not 
left its new domicile ; a confusion had simply arisen 
between two more or less similar cats 

The second example, shows equally, but in another 
way, how easily observers overlook an important 
circumstance Vmeq •• relates that after having made 
12 kilometres on foot to reach a railway station, then 
15 kilometres m the train, and after havmg gone 
about the town, a dog finally became lost in the 

1 It IS useless to detam ourselves with the question of the 
recognition of the cote itself ; it is not connected with the flight 
in general direction, and the amval in the region of the site , by 
thm tokens that, in the case of flights at night, the cote must he 
lUnminated, or else the pigeon does not return. The visual cue 
IS evident here. 
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streets. He nevertheless returned late at night. 
Now, adds the author, this dog knew only the country 
around the house, within a radius of 6 kilometres. 
But he forgets at the least the 12 kilometres made 
on foot ; he forgets the wmdings and turnings made 
m the town, leading back perforce to the station, the 
landmark and point of departure 

Thus frequently the fact reported is incompletely 
observed ; account is taken solely of the incidents 
capable of leadmg the animal astray , these are 
msisted on, without any attempt to evaluate the 
incidents capable of aidmg it to return towards its 
home 

This is certamly also the case for a large number 
of analogous facts Many are “ historical ", which 
amoimts to saymg “ legendary ” ; one divines only 
too well their insufficiency. On the other hand, well- 
observed facts bring out for the mammals the utiliza- 
tion of visual cues. Clapartde” cites the case of a 
young cat, ten months old, losing itself 350 metres 
from its home , yet it seems that the sense of direction 
should play a special part at so short a distance. 
Houzeau •• reports a personal expenence. Exploring 
an unknown region on horseback, he covered ten 
kilometres, makmg numerous turns and detours 
Finally he lost his way. The sky was overcast, and 
he had no compass. Unable to find his way, he 
abandoned himself to his horse. The latter picked 
up the outward track, and returned to the point of 
departure. The evidence imposes itself that the horse 
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must have registered visual cues ; and the possibility 
of registering them with such abundance and pre- 
cision implies a remarkable memory. 

This example confirms various accounts of the 
same order. It permits the doubting, not of the good 
faith, but of the powers of observation of writers 
who speak of horses returning to the stable by follow- 
ing roads entirely distinct from the outward track. 
The actual fact is very possible , but shorn of a cer- 
tain number of accessory circumstances, it loses 
all value. 

It is the same for the dog. Houzeau analyses closely 
the behaviour of young dogs (four to six months old) 
intentionally turned astray m the course of their 
first outing. First of all the sense of smell comes 
into play ; the dogs smff the trail, and if this olfactori- 
cue does not suffice, they retrace by sight the out- 
ward path, passmg clearly from one cue to another 
However, in fiat country, when the simultaneous 
sight of several Icindmarks is possible, they often 
follow the shortest path Among other examples, 
the author cites that of a dog of five months, which 
had been led to a distance, after having been made 
to cross a river over a tree-trunk Fearing the water, 
the animal on return ran hither and thither until, 
after a long time, it finished by re-finding the im- 
provised bridge 

Quite recently, Richardson •• has completely con- 
firmed these conclusions in regard to orientation in 
the dog. 
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Man also behaves no difierently. Accompanied by 
a young Indian of ten years. Bates '* was lost in a 
forest. The child retraced the path by which they 
came, having unconsciously noted a series of land- 
marks which Bates himself had not remarked. In 
his turn von den Stemen cites the case of a native 
of Brazil who remembered all the peculiarities of 
the course of a river. He recognized each bend, 
indicating its relative situation, and noted the position 
of certain trees. He registered thus a senes of cues, 
without apparent importance considered separately, 
but forming a whole This same man was incapable 
of counting beyond two or three, or of constructing 
a logical argument. 



CHAPTER VI 


GENERAL SUMMARY 

TF we now cast a general glance over the actually 
known facts, and if we try to discover the bond 
vhich unites them, we shall be immediately struck by 
the analogy which allies aU animals. The facts based 
upon well-conducted experiments or observations 
constantly reduce the phenomena of orientation and 
of place-recogmtion to processes of sensory memory, 
bnngmg into play the organs of the ordinary senses 
If there are observations the mterpretation of 
which appears delicate, such as the homing of pigeons 
liberated in an unknown region, none of them presents 
itself m a sufl&ciently rigorous manner to set aside 
the idea of pure sensory memory. And even com- 
panng the difierent animals with one another, the 
similanty is such that we feel led to accept for the 
ones the conclusions that the facts impose for the 
others Wasps hberated m an unknown zone turn 
about for a long time above the point of release ; 
nothing attracts them m one direction or another ; 
they wander at hazard, undergoing various con- 
tingencies, and some are defimtely lost, while others 
encounter some cue thanks to which they agam find 
123 
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the nest. Pigeons behave in the same way ; almost 
as soon as liberated they turn this way and that, 
then set off in one direction or another, the number 
of those losing the way being increased with the 
distance, that is to say, at the same time as the chances 
of meeting a landmark are diminished. Of course 
there are fortunate cases, which are moreover ex- 
ceptional ; but they detract nothing from the value 
of this resemblance between diverse organisms. How- 
ever separated they may be, from various points of 
view, their nervous systems possess general common 
properties, of which the importance cannot be over- 
looked 

As for the cues, the study of the Invertebrates, and 
especially of the insects, shows that some or others 
predommate, or pass to the second rank, accordmg 
to the animals and accordmg to the circumstances 
for the same animals Ants make use of olfactory 
cues when moving abroad in a column , but when 
the trail gives out, luminous cues hitherto accessory 
acquire primary importeince. The limpet makes 
use especially of tactile cues, whilst flying Hymenoptera 
use hardly an3rtlung but visual cues until the moment 
of arrival at the nest itself. In fact, all the sense- 
organs take part sunultaneously or successively in 
the phenomenon. All register varied images, and 
these images are associated with one another, forming 
a complex in the nervous system of the animal. 

None of these images appears to remain isolated. 
Every one of them is a guide only in so far as it is 
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associated with the others, or forms an integral part 
of the complex. It is thus that the nest itself, it 
would seem, exists for the animal only as a function 
of the complete whole. And it matters little, from 
this p>oint of view, whether or no the images which 
represent it are of the same nature as those which 
give the general direction, and allow the recognition 
of a certain site. The narration of the facts does, 
indeed, lead us to speak as if the cote were for the 
pigeon an independent and isolated landmark ; differ- 
ent observers are astonished that the bird although 
able to perceive it at the point of hberation, bdiaves as 
an animal which has lost the way, and does not head 
directly for the cote. This signifies precisely that the 
cote belongs to the complex and has reality for the 
pigeon, as m the case of the nest for the Hymenopteron, 
only as connected with the whole. All takes place 
as if the image of the cote corresponded to a topo- 
graphical relation, of which all the cues givmg the 
general direction and the site form a part. The pigeon 
which goes out for the first time has not been able 
to roister these relations of the cote with the en- 
vironment , the elaboration of the complex is effected 
with variable rapidity in the course of successive 
outings. And the processes seem very analogous 
in the case of the H3unenoptera ; the nest or the hive, 
when moved backwards, is not immediately recognized. 
The insects go straight to the site, which represents 
for them part of a whole, a part which is just as 
much a relation of distance as an actual object. 
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Is this complex, whatever it may be, established in a 
rigid and perfectly irreducible manner ? Does A evoke 
B, and B evoke C, in such a way that the animal must 
re-pass all the points of a track it has once traversed ’ 
The facts prove that this is not the case. The con- 
nection between the cues has, on the other hand, 
quite a flexibihty , it bears only on the order of 
sequence, without necessarily implying an immediate 
succession. For the animal to go towards C, it suffices 
for C to follow A, even if B has disappeared Better 
still, circumstances, or simply habit, can lead the 
animal to suppress immediate connections and to 
simplify the complexes Everythmg occurs as though 
the image of A evoked several successive images, and 
as though the interposed images merged progressively, 
and finally disappeared in such a way that C or D. 
or any other, came immediately in the tram of A 
In open country, for example, the dog takes the 
straight hne between two widely separated cues ; 
bees, w'asps and ants proceed in the same way . . . 
In short, the elaboration of the complex of images 
is such that the nest site becomes connected, not m 
an isolated manner with one or another of the parts 
of the complex, but with every one of them, that is 
to say, with the complex in its entirety. 

Thus IS constituted the " bee hne ” or the “ crow 
flight ”, which becomes ultimately more or less 
kmaesthetic. For visual, olfactory, or other images 
there is substituted the memory of a certam muscular 
effort, which the animal accomplishes m known 
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territory, without the constant aid of extenor cues 
In sum, memory plajrs a very important and pro- 
bably a preponderant r 6 le in the process of onentation 
Whether one envisages a mollusc, an msect, a manunal, 
or man himself, one really perceives no essential 
difference among them in this respect Whether it 
wishes or not, the animal is directly influenced by 
the outside world, it registers the images of sur- 
rounding objects, and these images assume for it 
various relations The registration and elaboration 
are effected with surprising rapidity A single journey 
suffices for an Indian, as for a horse or any other 
animal, to retain the memory of the path traversed 
In this respect, a truly stnking difference is remarked 
between educated man, inchned to the vanous pre- 
occupations occasioned by contemporarj' civilization, 
and uncivilized man, whose every effort is bent on 
reapmg benefit from nature by the least comphcated 
means The latter fives more outside himself ; nothing 
escapes him of external phenomena, and, relatively 
httle distracted, he consciously or not observes ever>’- 
thmg, registermg it and elaboratmg multiple images 
To be sure, in this process of registration and 
elaboration, all the senses intervene in vanous degrees , 
but nothing authorizes the assumption that to the 
ordinary senses are added others m more immediate 
relation with this process. If we proceed to anatomical 
and ph5^ological analysis of a pigeon, for example, 
we are easily convinced that sight dommates its 
behaviour when it orientates itself. In its case vision 
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is very specially acute ; it embraces a very extended 
field, and carries far On the other hand, its auditory 
acuity differs httle from that of man ; the sense of 
smell is exercised feebly and to a short distance ; 
m addition, the tactile nerve-endings, whatever their 
exact fimction may be. are hardly subject to the 
influence of stimuh placed at a very great distance 
As for the senu-circular canals, they contribute to 
the maintenance of muscular tonus, and though 
their stimulation is able to affect equilibration, and 
thus modify motor activity, they exercise no durect 
action on the possibihty of return towards the cote. 
As for a " special " sense, we see hardly any sign of 
this ; at least we are unable to perceive its anatomical 
basis, and this fact sufflces in itself 

It is thus for all the animals. Whether one pro- 
ceeds by direct exjierimental analysis, or by elimina- 
tion, one is constantly led to cues registered by the 
ordmary sense-organs, with this simple reserve, that 
the homologous organs do not predominate equally 
in all cases 

Having arrived at this conclusion, shall we be able 
to go further and consider the question entirely 
solved? 

The problem is certainly not exhausted Many 
points remain obscure, which demand a fresh effort 
at analj^is by means of a particularly rigorous method 
of research. The essential thing is to put aside aD 
preconceived ideas, and to affirm nothing which does 
not rest on a positive proof. Doubtless many facts 
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of singular aspect appear inexplicable by customary 
methods, and in the present state of our knowledge. 
The pigeon which crosses hundreds of kilometres 
of imknown country, and returns to the cote, gives 
us lively surpnse ; and we wilhngly see a certain 
mystery cast about it. In our astonishment we 
forget all the cases in which m analogous circmnstances 
a pigeon has not reappeared We retain certain 
facts to the exclusion of others, without asking our- 
selves whether the exceptional cases radically oppose 
all the rest, or whether they are only particular instances 
of a general phenomenon. 

In renouncmg all hasty interpretation and every 
unfoimded h)^thesis we leave the field free for 
research, and preserve the possibihty of arriving at 
a solution. 
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of the new concepts of the physical universe The whole book is weighty 
with matter and marks an intellectual achievement of the highest order 
It attests our attention — a cursory reading of it is simply impossible — and 
interest is sustamed from beguming to end " — Times Literary Supplement 
PSYCHOLOGICAL TYPES : the Psychology of Individuation. 
By C. G.Jung, author of “The Psychology of the Unconsaous ' ’ 
Translated with a Foreword by H, Godwin Baynes, M.B. 
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PRINCIPLES OF LITERARY CRITICISM. By I. A. 
Richards, Lecturer at Magdalene College, Cambridge. 

Second edition, io/6 net 

" A mine of really suggestive ideas It has real ongmality " — Daily News 
•* An important contribution to the rehabilitation of English criticism — 
perhaps, because of its sustained scientific nature, the most important 
contribution yet made Mr Richards begins with an account of the 
present chaos of critical theories and follows with an anal3rsis of the 
fallacy in modem aesthetics The pnnciple^enunciated are pursued with 
clear zest and consequent elm 
arts of painting, sculpture, and nr 
—Criterion 

THE METAPHYSICAL FOUNDATIONS OF MODERN SCIENCE, 
with special reference to Man's Relation to Nature. By 
Professor Edmn A. BurU. 

“ This book deals with a prafoundly interesting subject the uncritical 
anumptions which were made by the founders of modem physics, and 
through them became part of the unquestioned apparatus of ordinary 
thought. The critical portion of this book is admirable 
Bertrand Russell, in Nation “ He has given us a history of the origin 
and development of what was, until recently, the metaphysic generally 
assoaated with the scientific outlook This is what Professor Burtt 
has quite admirably done " — 7 imes Literary Supplement 
PHYSIQUE AND CHARACTER. By E. Kretschmer 
With 31 plates, S5l- net 

“ This volume of the steadily growing Library will bear comparison 
with any of its predecessors in interest and importance It gives 
scientific validity to much ancient doctrine and folk-psychology It 
professes to be merely a beginnmg ; but, even so, the author has estab- 
lished certain conclusions beyond reasonable doubt, conclusions of great 
significance and pregnant with possibilities of almost infinite extension ” 
— Weekly Westminster " His notable work [on] the relation between 
human form and human character " — British Medical Journal 


THE PSYCHOLOGY OF EMOTION : Morbid and Normal, 
By John T. MacCurdy, M.D. 








PERSONALITY. By R. G. Gordon, M.D.. D.Sc.,M.R CJ>.Ed. 

io/6 net 

" The book is, in short, a very useful cntical discussion of the most 
important modem work beanng on the mind-body problem, the whole 
knit together by a philosophy at least as promising as any of those now 
current " — Ttmes Literary Supplement " His excellent book He accepts 
the important and attractive theory of Emergence " — Observer “ A 
sigmficant contnbution to the study of personaUty ” — Bnttsh Medical 
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THE LANGUAGE AND THOUGHT OF THE CHILD, Jean 
Ptaget, Professor at the University of Geneva. Preface by 
Professor E. Clapardde. 

10/6 net 

■ ■ A very interesting book Everyone interested m psychology .education, 
or the art of thought should read it The results are surprising, but 
perhaps the most surprising thing which this book makes clear is how 
extraordinarily little was previously known of the way in which children 
think ” — Nation “ Fills a gap in the study of the subject " — Lancet 
CRIME AND CUSTOM IN SAVAGE SOCIETY. By B. Mali- 
nowskt, Professor of Anthropology in the University of 
London. 

With 6 ptaies, 5/- net 

" In this first-hand investigation into the social structure of a primitive 
commuruty Dr Malinowski has broken new ground It is probably no 







RELIGIOUS CONVERSION : a Bio-Psychological Study. By 
Sante de Sancits, Professor of Psychology in the University 
of Rome. 
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DIALECTIC. Mortimer J. Adler, Lecturer in Psychology, 
Columbia University. 

'* it concerns itself with an analysis of the logical process involved in 
ordinary eonversation when a conflict of opinion arises This enquiry 
into the essential implications of everyday discussion is of keen mterest ' ' 
— Btrtmngham Post " Mr Adler implies as the purpose of his book the 




NEARLY READY 

CONTRIBUTIONS TO ANALYTICAL PSYCHOLOGY. By 
C. G. Jung, Dr Med., Zunch, author of " Psychological 
Types.” Translated by H. Godmn Baynes, MR. 

About 1 8/- net 

This volnme of collected papers is the only work by Dr Jung to 
appear in. English since the pubhcation of his Psycholopcal Types in 
1923, It is full of valuable materud His own theories are further 
developed, and applied concretely to many problems of modem life 
Papers on Woman m Europe, Marriage as a nychological Relationship, 
Analytical Psychology and Poetic Art, Instmct and the Unconscious, 
Psychological Types, Analytical Psychology and Rducation, are mclnded 
Perhaps the most important contribution is a long essay on the Theory 
of the libido from several aqiecta. 
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HISTORICAL INTRODUCTION TO MODERN PSYCHOLOGY. 
By Gardmr Murphy, Ph.D., Instructor in Psychology at 
Columbia University. 

With plates, about i8/- net 

Part One of this comprehensive work is concerned with the Pre-Expen- 
mental Period, the 17th, i8th, and early 19th centuries Part Two takes 
the story down to the age of Wundt , Mill, Bam, Galton, Darwm, Mesmer, 
Charcot, Helmholtz, and Wundt, are all dealt with The Third Part 



Six deals with Subjectivity and Objectivity in Art, and the relation of the 


self to the Masterpiece 


THE MIND AS AN ORGANISM : an Introducbon to the 
Study of Mental Disorder. By E. Mtller, M A , MJt.C.S.. 
DJ>.M 
About 12/6 net 

The data of biochemistry, biology, and neurology are drawn upon to 
show how the hfe of impulse develops, and how the mtegnty of the 
organism is umntelligible without such a unifymg principle 
REPRESENTATION IN THE CHILD. By Jean Piagei, 
Professor m the Umversity of Geneva. 

About 10/6 net 

This IS the third volume of Professor Piaget's great work dealing with 
the life of the child 
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IN PREPARATION 

THE LAWS OF FEELING . 6y F PAULHAN 

DICTIONARY OF PSYCHOLOGICAL TERMS Sy H. B ENGLISH 
THE HUMAN VOICE . . by SIR RICHARD PAGET 

EMOTIONAL EXPRESSION IN BIRDS . by F. B. KIRKMAN 
THE PSYCHOLOGY OF INSECTS . fryj G MYERS 

STATISTICAL METHOD IN ECONOMICS . P S FLORENCE 
COLOUR-HARMONY ... by JAMES WOOD 

THE THEORY OF HEARING . . by H HARTRIDGE, D Sc. 

GESTALT . . by K KOFFKA 

TIME IN SCIENTIFIC THOUGHT L. L WHYTE 

PLATO’S THEORY OF KNOWLEDGE by F. M CORNFORD 
THEORY OF MEDICAL DIAGNOSIS 6y F G CROOKSHANK, M D. 
LANGUAGE AS SYMBOL AND AS EXPRESSION by E SAPIR 
PSYCHOLOGY OF KINSHIP by B MALINOWSKI, D Sc 

SOCIAL BIOLOGY . . Jy M GINSBERG, D Lit 

THE PHILOSOPHY OF LAW . 6y A L GOODHART 

PSYCHOLOGY OF MUSICAL GENIUS . by G REVESTZ 
MODERN THEORIES OF PERCEPTION fcy W J. H SPROTT 
THE BEHAVIOURIST MOVEMENT . by A A. ROBACK 

SCOPE AND VALUE OF ECONOMICS by BARBARA WOOTTON 
THE PSYCHOLOGY OF MATHEMATICS iy E R HAMILTON 
MATHEMATICS FOR PHILOSOPHERS iy G H. HARDY, F R S 
PHILOSOPHY OF THE UNCONSCIOUS 6yE VON HARTMANN 
THE PSYCHOLOGY OF MYTHS iy G ELLIOT SMITH, F R S 
THE PSYCHOLOGY OF MUSIC . iy EDWARD ] DENT 
PSYCHOLOGY OF PRIMITIVE PEOPLES iy B MALINOWSKI,D Sc 
DEVELOPMENT OF CHINESE THOUGHT . by HU SHIH 
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